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Best Windows database 
for all skill levels 


Of course, Paradox wouldn’t be 
complete without the powerful 
and easy-to-use features that have 
made it the #1-rated relational 
database. Built-in productivity 
Experts" guide you at every step, 
from linking information in tables 
to building forms and reports. 
Object Inspector" menus provide 
instant access to capabilities with- 
out searching through layers of 
menus. 

And Paradox's ease stays with 
you as you move up the power 
curve. Even corporate developers 


Copyright © 1993 Borland International, Inc. All rights reserved. All Borland product names are trademarks of Borland Intemational, Inc. Offer good in the United States and Cunada only. All prices in 
U.S. dollars. Dealer prices may vary, "Novell Message Handling Service (MHS and NGM); MCI Mail; cc:Mail; Windows for Workgroups, MS-Mail. and other MAPI-compliant messaging services: 
Local Arca Network (LAN) systems, such w Novell NetWare, Banyan, BM" LAN Server, MS-LAN Manager, AT&T StarGROUP, and other peer-to-peer networks. ВІ 6014 
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find that ObjectPAL; the fully 
integrated programming language, 
lets you create custom Windows 
applications that are powerful, 
graphical, and deliverable fast. 
Plus, 100% compatibility with 
Paradox DOS means your existing 
Paradox data will migrate auto- 
matically to your new Windows 
applications. 

So when it comes to workgroup 


| database productivity, nothing 


will get you where you want to go 


| faster or more easily than the new 


Paradox Workgroup Edition from 
Borland. 
Welcome to life in the fast lane. 


Limited time offer! 
495 


4105 mcr | 

149 ume, $20 volute for Paradox DOS 

> ог Windows owners. | 
90-day, money-back guarantee 

` See your dealer today or call 

. 1-800-336-6464, ext. 7852 


- In Canada, call 1-800-461-3327. 


Suggested 
retail price for 
new users. 


| 
| 
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Borland 


Power made easy" 
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ТН Е # 1 


There’s lots and lots 

of data out there. 
The trouble is, it 
has to go to the 


NeW 


right place in order to be pro- 


ductive. That's the reason we 
developed the new Paradox?” 
Workgroup Edition. The only 
database with superior SQL 
connectivity and workgroup 
information sharing. 


Share data easily with 
any workgroup 


First we built in support 

for SQL servers, including 
Borland’s InterBase,” Sybase/ 
Microsoft,® and Oracle, so you 
can work with information 


WINDOWS 


from corporate databases as If it 
were on your desktop. But we 
didn’t stop there. We added the 
Workgroup Desktop to distrib- 
ute the data where it’s needed. 
Now anyone with a Workgroup 
Edition of Borland Paradox 

(or Quattro® Pro) can exchange 
data over local and wide area 
networks, or via electronic 
mail.* You can establish and 
modify workgroups instanta- 
neously to meet the needs of a 
given project or organizational 
structure. And there’s no need 
to buy expensive hardware 
upgrades or learn separate 
“workgroup” software. 


| Everything you need is built-in! 


DATABASE 


New Paradox 
makes your desk 
а ramp оп the data 
Superhighway 


You can share virtually 
any type of data—Paradox or 
dBASE” tables with associated 
indexes, SQL data, OLE or 
multimedia objects, forms, 
reports, and queries, and even 
non-Paradox files such as 
WordPerfect documents, or 
entire applications. You simply 
“publish” the information to 
your list of workgroup mem- 
bers. Whenever you update a 
version of the published data, 
your selected “subscribers” 
automatically receive the new 
information. Everyone is more 
efficient because everyone is 
working with the same up-to- 
date information. 


TE 


at good IS 


information if you 
Can't get to it... or 
if it can't get to you? 


_ Workgroup Desktop 


eae 


А Keep colleagues up to date quickly, 
easily. The Workgroup Desktop lets 
you distribute data over a variety of 
paths—in a mouse-click. 
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corporate 
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Print SQL 


A Paradox is the Windows database that lets you work 
with pushbutton ease—so you get your work done faster. 


Putting imagination 


Р ~ 
©Digital Equipment Corporation, 1994. The DIGITAL Logo and Alpha АХР are trademarks of Digital Equipment Corporation. Windows and Windows NT ane 
Corporation. 1486 and Pentium are lrademarks of Inta! Corporation. PowerPC is a trademark of IBM. 
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Imagine A Microprocessor 
That Makes Windows NT Fly. 
_ Alpha AXP Does It Now. 


5: You're going to blaze some new trails with 
the mainframe power of Windows МТ." Don't 
compromise it. Run it on the fastest vehicle you can get- 
an Alpha АХР"" microprocessor. Choose from a family of 
fast server microprocessors with performance as high as 
170 SPECInt, more than twice that of Pentium" or 
PowerPC" – and priced to compete. Or choose from 
low-cost desktop PC microprocessors with prices that 
start below an i486." Alpha AXP runs Windows NT with 
thundering speed, with | T Wi 
hundreds of Windows NT | 
applications shipping now р anoa 
and hundreds more on the TES 
way. Plus Alpha АХР | ^ 
runs your existing 16-bit (з= | 
DOS/Windows™ ‘applications. ; All this power is - 
of a long-term architecture based on a scalable RISC 
design and standards like the PCI local bus. 
And it's available to any PC maker-from us 
now, and soon from our second source 
Mitsubishi Electric Corp. The decision 
with Windows NT is simple. On other 
microprocessors, it runs. On Alpha 
AXP, it flies. Which way would you 
rather cover new ground? Call your PC 
maker and ask about the Alpha AXP family. Or call 
us at 1-800-332-2717. And kick start your future. 
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News&Views 


COMMUNICATIONS 


Just Like Magic?................. ЖҰ”. >. 
After more than four years in gestation, 
a suite of technologies designed by 
General Magic stands poised to alter 
today’s mishmash of wired and wireless 
networks. 
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PROGRAMMING 


Agents on the Loose........... — 


Telescript, General Magic's 
communications-oriented programming 
language, lets developers write tools that 
permit casual users to create intelligent 
applications that seek out and retrieve 
important information. 


NEW PRODUCTS 


Best of Comdex Awards............24 
BYTE editors workcd morning, noon, 
and night picking the best products and 
technologies at Fall Comdex in 

Las Vegas. 


GRAPHICS/ENTERTAINMENT 


High-Performance 3-D Coming 
lys ТТМ“ 
Applications such as 3-D model 
animation, stock market visualization, 
and other high-end programs usually 
found on expensive workstations should 
start appearing in 1994 on less 
expensive 80x86-based PCs. 


PDAS 


Simon Says: Communicate.........28 
IBM's new personal communication 
device combines a cellular phone, fax, 
E-mail, paging, and personal 
productivity applications. 


APPLICATIONS DEVELOPMENT 


Developers Announce PowerPC 

Mac Applications .................. .38 
Apple has distributed the first sofrware 
development kits for writing 
applications for the System 7 operating 
system on the PowerPC. Numerous 
developers are now announcing support 
for the Mac PowerPC platform. 


NEW PRODUCTS 


What's New ........................204 


À cellular device transmits data; an 
applications development environment 
lets you crcate cross-platform 
workgroups; virtual reality becomes 
interactive; and more. 
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BY ТОМ К. HALFHILL 
On-the-fly data compression can double your storage space— 
but not without some hassles and headaches. 


Data Compression on the Macintosh—62 | 
Data Loss: A Cautionary Tale—64 | 
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DESKTOP SYSTEMS 


The Macintosh at 10 A 
BY TOM THOMPSON 

On the Mac's tenth birthday, B YTE looks at its 
profound influence on computing. 
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State of the Art 


Today's Compilers 16 
BY FRANK HAYES 
Challenged by multiple new 
processors, parallel machines, 
and operating systems, 
compiler builders must rework 
their mainline products to 
produce faster, leaner code. 


Compiler Benchmarks: How 


Useful? —80 Optimizing for Today's Developing for Multiple 
CPUs Platforms 
BY ALEX LANE BY DOUGLAS K. OLSON 
Making code run faster and Writing applications to run on 


smaller is an important goal of 
modem compilers. 


multiple platforms is an 
art that software engineers are just 


sh : beginning to master. 
Optimizing with Pre- and Post- 


Compilers—82 
Pentium Optimizations—86 


Porting Adobe Photoshop: 
А Case Study—92 


COMMUNICATIONS SOFTWARE 


Advancing Communications 

BY HOWARD EGLOWSTEIN 

Data communications programs with scripting 
languages can automate your on-line sessions. 
Testing editor Howard Eglowstcin looks at seven 
popular communications packages from four 
different environments, testing them with new 
28.8-Kbps modems. 


Life at 28.8—106 
New and improved—108 


104 


APPLICATION-INTEGRATION SOFTWARE 


A New Synergy for Windows 15 
BY STEVE GILLMOR 

With ProdeaSynergy, you can easily automate 
interapplication Windows tasks. Gillmor builds 
cross-application projects with off-the-shelf 
Windows software and the Prodea tools. Doing 

the same chores without ProdeaS ynergy is difficult 
and sometimes impossible. 


GRAPHICS 


HOOPS 4.0: Beyond 3-D 125 
BY JOEL ОВК 

The common API to most 2-D and 3-D libraries 

and hardware now offers a real-time тойс 

and a powerful font engine. 


DESKTOP SYSTEMS 


Low-Priced Pentium PCs 129 
BY ED PERRATORE 

General Pentium price wars have started. 

This review examines three Pentium 

systems, priced between $4000 and $4500, from 
ALR, Gateway, and Ambra. 


Compilers for Parallel 
CPUs 


BY OLIVER SHARP 

In converting applications for 
parallel processing, how much of 
the job can the compiler do 
without programmer intervention? 


Types of Paratlel Machines—98 


Converting an Application for 
Parallel Processing—100 
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IMAGE PROCESSING 


PhotoStyler Fights Back ІЗІ 
BY HOWARD EGLOWSTEIN 

Since Aldus's last release of PhotoStyler, the image- 
editing market has heated up with the introduction of 
Photoshop on the Windows platform. PhotoStyler 2.0 
represents more than a simple face-lift. Aldus 
pumped up the performance and the features set and 
comes away with a serious competitor, 


NETWORK SOFTWARE 


WinFax Pro Hits the Network 141 
BY STAN MIASTKOWSKI 

Delrina’s WinFax Pro for Networks lets workgroups 
share fax modems. 


ACCELERATED J GRAPHICS СА CARDS қ 
Lab Report: 76 Cards for Fast Graphics 146 - 


Our applications- - | 
based tests | 


1 
| м 


purpose : and 

| specialized 

| applications. 
Best for VL-Bus 
Systems—148 
How We Tested—150 
. Best for ISA- Bus 

| | Systems—154 


Windows NT Drivers: 
Better Late Than Honorable 
Меуег?—1  Mentlons—166 


How to Buy a Graphics ` Dubious 
Accelerator—156 Achievements—166 


Best for Macintosh | 
и NuBus Systems—158 

Best for EISA-Bus 

Systems—162 


s How Bus Architecture 
Affects Graphics—162 


PROGRAMMING 


Some Assembly Required: 
Genetic Programming 

BY ANDY SINGLETON With an 
appropriate algorithmic structure, 
you can develop programs that arc 
self-modifying and evolving. 


BUS ARCHITECTURE 


Under the Hood: 

Inside the PCI Local Bus.....177 
BY GUY W. KENDALL This new 
PC bus provides high throughput 
and self-configuring add-in cards. 


NETWORKING 


BY JON UDELL This is the most 
advanced version of DOS-based 
Windows now available. 


Beyond DOS: 
Windows for Workgroups 
Ad. oe rtm MER 
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Pournelle: 

Upgrades from Hell...........185 
BY JERRY POURNELLE 

One assumes Jerry didn't have a 
great month. 


Books & CD-ROMs: 

The Genesis of the Mac ......41 
BY TOM THOMPSON, 

RAYMOND GA CÓTÉ, AND 
MICHAEL NADEAU The birth of a 
computer, an astronomy CD-ROM, 
legal requirements in business, and 
laptop repair. 


Commentary: 

Layoff Software............... 202 
BY STEVE EVANGELOU 

Let's hope this doesn't become a 
new growth category. 


Editorial........................10 
BY DENNIS ALLEN 


Letters «апага >ввгсазаваасагааввяавв 18 
Readers champion their favorite 
operating systems. 
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Product Category 258 
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Mail Order 
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PROGRAM LISTINGS 


From BIX: Join “listings/frombyte94" 
and select the appropriate subarea (т.е. 
"fet94"). 


From the UUNET:ftp to ftp.uu.net, log 
оп as "anonymous," and enter your user 
ID as your password. Type 
"cd/published/byte" and type "DIR." 
Files appear in subdirectories arranged 
by month. 


From the BYTE BBS at 1200-9600 bps: 
Dial (603) 924-9820 and follow Ше 
instructions at the prompt. 
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BUIE Contents by Platform 


DOS/WINDOWS 


Best of Comdex Awards ......24 


Hot new products at computing's annual 
Vegas exhibition included new 
Windows software. 


How Safe 15 Data 
Compression? .......... e DÔ 
If you're a Windows user, chances are 
your hard disk is stuffed to the gills. On- 
the-fly data compression can double 
your disk space, but—due sometimes to 
the hostile environment of DOS-based 
PCs—you' ve got to be ready for hassles. 


Today's Compilers ............76 


Compilers are changing in order to help 
software developers write programs for 
DOS, Windows, NT, and other operat- 
ing systems—if possible, all at the same 
time. 


Developing for Multiple 
Platforms .............. ЧИЕ). 


Adobe’s Douglas Olson discusses the 
daunting task of moving software from 
one environment to another, including 
Photoshop from the Mac to Windows. 


Advancing 
Communications.............104 
A review of top communications soft- 


ware for DOS and Windows, including 
Procomm and Crosstalk. 


A New Synergy for 
Windows ......................115 


ProdeaS ynergy's graphical tools enable 
you to build scripts for autornating Win- 
dows tasks across different applications, 


HOOPS 4.0: Beyond 3-D.....125 


This latest release of the platform- 
independent programming system deliv- 
ers à rich library of graphics routines for 
CAD, mapping, visualization, and 
multimedia software. 


Low-Priced Pentium PCs....129 
ALR, Gateway, and Ambra deliver 


souped-up Pcntium systems for less than 
$4500. 


PhotoStyler Fights Back.....137 
Aldus pumps up its PhotoStyler image- 
editing software, 


WinFax Pro Hits the 
Network.................. „....141 


Delrina's fax package lets LAN users 
share a fax modem. 


Lab Report: 76 Cards for Fast 
Graphics......................146 


Our exclusive tests reveal the best cards 
for different applications. 
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Windows for 
Workgroups 3.11 ............181 


The latest version provides previews of 
Windows 4 and Microsoft At Work. 


05/2 


Today’s Compilers ..... КЕРМЕК _ 
OS/2 is one of several platforms that 
software developers have to consider. 
Compiler technology is changing to 
make it easier for programmers to target 
multiple environments. 


HOOPS 4.0: Beyond 3-D.....125 


Besides being "far and away the best 
tool for almost any kind of graphics pro- 
gramming," the very portable HOOPS 
also supports OS/2. 


Low-Priced Pentium PCs....129 


Want a little more horsepower without 
having to sell the farm? Here are three 
systems from ALR, Gateway, and 
Ambra—all below $4500. 


Lab Report: 76 Cards for Fast 
Graphics......................146 


Many accelerators now support OS/2. 


Just Like Magic? ...... — >Ш 
Founded by former Apple engineers, 
General Magic is coming to market with 
technologies that could change the way 
we use computers to communicate. 


Best of Comdex Awards ...... 24 


The P1394 High-Performance Serial 
Bus (which Apple helped develop) and 
the DOS-running Quadra 610 were 
umong the best products at the big show. 


Developers Announce PowerPC 
Mac Applications..............38 


With PowerPC Macs coming soon, 
Apple has shipped kits for developers 
who want to wrile programs for System 
7 on the PowerPC. 


The Macintosh at 10...... || 


Upon the tenth birthday of Apple's bril- 
liant creation, our resident Mac expert 
looks back at how his favorite machine 
has profoundly changed computing. 


Data Compression on the 
Macintosh .....................62 
While on-the-fly file squeezing is tricky 
business on DOS-based PCs, Mac users 
are in a different situation right по. 


Developing for Multiple 
Platforms .............. кескен OE 


Douglas Olson's programming team at 


Adobe moved Photoshop from the Mac 
to Windows. Olson discusses the chal- 
lenges and issues of writing software for 
different environments. 


Advancing 
Communications........ «104 


А review of top communications soft- 
ware for the Mac. 


HOOPS 4.0: Beyond 3-D.....125 


Joe] Orr looks at this collection of multi- 
platform graphics programming tools. 


Lab Report: 76 Cards for Fast 
Graphics......................146 


Our applications-based tests help us 
pick the best accelerators for Mac users. 


UNIX/WORKSTATIONS 
Optimizing for Today's 
e l .................. — SS 


Superscalar architectures such as HP's 
PA-RISC and DEC's Alpha AXP de- 
mand new tricks from compilers. 


Compilers for Parallel CPUs. .97 


Before computers using multiple proces- 
sors can really deliver higher through- 
put, а compiler needs to build code for 
the specific machine. 


Just Like Magic? ...... n 2. 


General Magic’s technologies could 
eventually change the network infra- 
structure. 


Best of Comdex Awards ......24 


Networking and communications prod- 
ucts were among the hot spots of this 
year’s big show. 


A New Synergy for 
Windows ......................115 


ProdeaS ynergy is like a Grand Central 
Station connecting applications across a 
network (or on individual machines). 


Low-Priced Pentium PCs....129 


One of these systems from ALR, Gate- 
way. and Amhra could make a good 
choice for a sinall file server. 


WinFax Pro Hits the 
Меймогк.......................141 


Delrina’s fax package offers work- 
groups casy access to shared modems. 


Windows for Workgroups 
 —————Xs- |) 


The new version offers a preview of 
things to come, including Windows 4 
and Microsoft At Work. 


Accelerators .................. 146 
Alpha ................ 32, 76, 81 
CX NE CETT 76, 91, 171 
CAD/CAM ....... 149, 155, 165 
LORD anos opa: scommesse 41 


Communications ....22, 23, 28, 
38, 104, 141 


a 


Compilers....... 76, 81, 91, 97 
Compression......... 56, 62, 64 
2c DM E 56, 181 
EE. жесек» - mensi 162, 165 
EDI. uides coe M 
Graphics .......... 28. 36, 125, 
137, 146 

Liquid cooling .................. 32 
Macintosh ..... 22, 41, 62, 47, 
77, 81, 91, 104, 146 

Magic Cap...................... 22 
Multimedia......... Mosi 24, 28 
Networks ........... 22, 24, 38, 
115, 141, 181 

DNE. .... элли» „ек 158 
OLE..... T——— 115 
OpenGL. ..................... 588 
05/2 ........ 24, 76, 125, 146 
Parallel processing....... 97, 98, 
101 

o ——— 148, 177 
PDAs ..... насты 22, 28 
Pentium....... 32, 76, 81, 129 
PowerPC............. 38, 76, 81 


Programming ..22, 23, 76, 81, 
91, 97, 115, 125, 171 


R4000 ............ алкын ‚76, 81 
eee „2284 
Scripting ......... 22, 104, .115 
Sound cards .................. 185 
Unix. ........ ——— 2 76. 97 
ППыйїї:................ 148, 149 
Windows ..... 24, 28, 47, 104, 


0 ibs, 025, 287, 
141, 146, 181, 185 


Wireless ............. 22, 28, 38 


т ...... " ” i " т - 
" а РА د و‎ 924 | А ү z. ч 
е е “ а сл Баб d жақы » G „ГА 4: ға” а. D 4: e s | 
=? و‎ " т 9 4 de. r4 . ЖЫ m. 4 os 9 ^ . лы . А 
- : ‘ А ^ „ЖЗ. шщ 
Pa 247 


1 or мы) v Pw 72 t uto Rey ai e KG es a ^ 7794: А A M "3 
өзт, . жы ™ "dn r ۴ e т еъ ir. MA PR. p л ad ч, е ALS 4 ауа > e e ^ ыы u 


FOR THE RECORD, PRO GRAPHICS 1024 Is 
THE FASTEST GRAPHICS CARD ON THE PLANET. 


Introducing Pro Graphics 1024 — driving a stunning 16.7 million colors at 1024 x 768 
resolution. ‘The Pro Graphics 1024 prevails as the fastest graphics card according to the most 


recent benchmark test. And it comes from Media Vision, the leader in innovative PC graphics. 
Pro Graphics 1024 also offers a refresh 
rate of 76 Hz for a crisp, flicker-free display 
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and a price that won’t blow you away. So — 
"Viper УТ 


why not test drive a Pro Graphics 1024 


‘Pro Graphics’ 1024x7 


WinMarks (Бим м lisse (oder Fr fur urns) 


Media Vision 


" 


АТІ 
Ukra Pro! 
т 


at your local computer retailer? And see 
what 16.7 million colors at 1024 x 768 
looks like at this speed. Now, that’s true color. 


16.7 million colors at 1024 x TON resolution 
puts a new twist on performance. 


For more information on the Media Vision family of Pro Graphics 


accelerators call 1-800-845-5870 dept. 630. MEDIA VISION 


Tests performed using Ziff Davis Labs’ 'WinBench" V.3.11 without independent certification by Ziff. Media Vision conducted all tests based on Diamond motherboard with 
Intel 486DX2/66 CPU, 16MB RAM, 256K cache, 340MB IDE hard drive, MS-DOS Version 5.00. ©1994 Media Vision, Inc., 3185 Laurelview Court, Fremont, СА 94538. 
(510) 770 9592. Pro Graphics 1024 is a trademark of Media Vision, Inc. Any other trademarks and registered trademarks are owned by their respective holders. 
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A COMPUTE 
To USE DESE 
THIS EASY 


1) The Deskpro XE has preinstalled software to get you up and running quickly. 2) It’s plug and 
helps you better organize your work. 4) Enhanced Business Audio lets you operate the PC with you 


©1993 Compaq Computer Corporation. АП Rights Reserved. Compaq and Deskpro Registered U.S. Patent and Trademark Office. Business Audio ia a trademark of the Compaq Cumputer Corporation. Product names mentione 


R THIS EASY 
RVES AN AD 
TO READ. 


Jay capable so future upgrades are a snap. 3) An exclusive new software interface called Tab Works 
voice. 5) And starting at $1,499 it's easy on your budget. 6) For details, just call 1-800-345-1518. 


COMPAQ 


verein may be trademarks and/or registered trademarks of their respective companies. *Extimated sclling price, actual price may vary. The Intel Inside logo [s a trademark of the Intel Corporation. 
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Beyond the GUI 


The point-and- 
click paradigm 
is stale. We need 
a more human 


interface. 


In an apparent effort to make computers easier to use, 
General Magic has developed a new user interface for 
its Magic Cap operating system. It doesn’t look anything 
like the file folders and program icons you are used to see- 
ing; instead, the new GUI paints an office with a desk that 
has a telephone, card file, іп/ош boxes, and so forth. In 
other words, if you want to check your mail, you simply 
click on the in-basket on the desk. Need an address? Just 
click on the Rolodex-like file. You get the idea. You can 
also go to a file cabinet to take out a file, and a clock on 
the wall makes office clock watchers feel right at home. 

You can even open a door and go down “Main Street” 
to one of the many office buildings. For example, you 
might go to the bank building to do electronic banking. It 
all seems very intuitive—if you’ve worked with a point- 
and-click user interface, that is. 

This new interface is supposed to make computing 
more accessible to computer novices, which is a grand and 
noble idea. And surely every company has some people 
who would be more productive if computers were less in- 
timidating. Let’s face it, Microsoft Windows and the 
Macintosh interfaces might be a far sight better than a 
command prompt, but many people don’t find either in- 
terface to be particularly natural to use. 

To these otherwise capable people, ascending the com- 
puter learning curve is tantamount to scaling the Mat- 
terhorn. The problem is not trivial. Somehow computers 
must be made easier to use if we expect our enterprise- 
wide solutions to work. It does no good to restructure 
an enterprise based on technological solutions (as many 
large companies are indeed doing), if some people can't 
use the technology. 

For many of us, the problem is sometimes forgotten, 
because after all, we do not have any problems using 
computers. For that matter, neither would most of our 
close associates. But consider the nontechnical workers 
in your organization; will they be able to navigate through 
a maze of servers to find that information they need? We 
may be living in the age of empowerment with informa- 
tion at our fingertips, but so far, the only people who 
have been empowered are the technically elite. 

That has to change. The wave of empowerment that 
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technology creates must be driven down to everyone in an 
organization if that organization is to truly benefit from 
the technology. Information must be easily accessible 
across the enterprise, and systems must be easy to navi- 
gate. That's the idea behind General Magic's new GUI. 

Bill Atkinson and Andy Hertzfeld, the inventors of 
the new GUI, are old hands at creating easy-to-navigate 
interfaces, and they have deservedly earned respect for 
their early work on the Macintosh user interface. This 
time, though, Atkinson's and Hertzfeld's work is not so 
revolutionary. Their new GUI is still based on a point-and- 
click paradigm. It not only fails to move beyond that ba- 
sic point-and-click concept, the new GUI perpetuates 
point-and-click to a new level of complexity. 

For example, say you want to access the services or 
database of another company using the Magic Cap in- 
terface. With point-and-click mouse or pen gestures, you 
would have to open the office door, walk down the sim- 
ulated Main Street, and choosc the building that represents 
the other company. If you're an experienced point-and- 
clicker, the first time you see someone use the Magic Cap 
GUI that way it will seem logical. But it doesn't really 
make sense. Neither does opting for pull-down menus or 
resorting to programming a macro to perform the tasks, 
both of which nullify the intent of the new GUI. 

So why must you open a door and stroll down Main 
Street to tell a computer what to do? It seems that the 
Magic Cap GUI is one that force-teaches users how to 
converse with a computer, when what we really need are 
computers that better understand what users want. 

It's the computer that must be expected to do the work 
of understanding if we are ever to empower nontechnical 
workers. The point-and-click paradigm is stale and over- 
worked, and it's time to move up to the next level: We 
need user interfaces that listen more like humans and ac- 
curately—and automatically—anticipate what users want. 
Despite all the hype and hoopla, the Magic Cap GUI 
does not significantly improve user interfaces as did that 
of the Mac 10 years ago. Ш 


P.S. With this February issue, I'd like to officially an- 
nounce the newest member of the BYTE family, BYTE 
Türkfye, which will publish a version of BYTE in Turkey. 


DENNIS ALLEN, EDITOR IN CHIEF 
(dallent? bix.com) 


FIRST WE MADE 
WINDOWS. 
NOW IT'S TIME 
TO TALK. 


With the new Microsoft’ 
Windows’ Sound System, just tell 
your computer what you want it 
to do. You can customize your sys- 
tem to respond to your personal 
spoken commands, Even our new 
directional microphone knows 
exactly who you аге, 

This full set of audio software 
has lots of options, too. Spice up 


presentations with music or quotes. 


Or proofread numbers as the com- 
puter reads them back. 
All for the price of a game. 
You can also get this software 
with the sound board included. So 


go visit your nearest reseller to see 


what’ creating all the conversation. 


Microsoft 


Making it easier 
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you access, update or query multiple databases from a 
single form. • Now that you know what you're looking 
for, the best choice is easy: WordPerfect’ InForms. No 


electronic forms package is easier to handle and supports 


nearly as many databases (19 of the most popular). 
Take a look at the next generation in electronic formis. 
Call (800) 526-4806 for a FREE WordPerfect InForms 
demo disk, or (801) 225-4414 to download from our BBS. 
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It’s time for a truly objective discussion about 
application development. IBM's System Object 
Model (SOM) (currently shipping with 08/29 2, y 


is a language-neutral mechanism for 
гы Т Jenre. 


developing object-oriented class 
libraries. Together with our new 
IBM SOMobjects™ Develop 
m SOMobjects tools let you take full advantage 

` of the object-structured protocol of SOM—applications 
can access and use objects and object definitions regardless 
of what programming language created them. Now reuse is a 
reality. Instead of recompiling apps due to implementation gy 
changes, just reuse the objects. That saves time and | £ 
money. And SOMobjects incorporates 
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Give your power-hungry soft 


The OverDrive™ processor. 


The single-chip upgrade that maxi- 
mizes your PC’s performance. 
Want to see a 
spectacular per- 
formance? Then 


add an 1486" 
DX2 OverDrive 


processor to your Intel486™SX or DX 
CPU-based system. And watch all 
your power-hungry software take off. 

The OverDrive processor 
improves the performance of all your 
applications. So you can fly through 
your overwhelming workload with 
the greatest of ease. 


"For European inquiries, call +44 (0) 793 431155, and ask for infopack 10072. 
© Inte) Corporation 1993. AutoCAD із а registered trademark of Autodesk, Aldus and Page Maker are registerad irademarks of 
Akius Corporation. Paradox is а registered trademari of Borland International, lnc. Corel DRAW! is a trademark of Corel Corporuion. 


How does the OverDrive processor 
do it? Using Intel's innovative DX2 
"speed doubling" technology, it runs 
internally at twice the speed of the 
rest of your system. So if you had a 
33 MHz SX or DX Intel processor, 
you would now have a 66 MHz DX2 
Intel processor. 
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Plus, the OverDrive processor is 
easy to install. Depending on your 
system, you can either plug it into 
the OverDrive socket or swap it with 
your original microprocessor. No 
problem. 

To get a better idea of how the 
OverDrive processor boosts perfor- 
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mance of your software, call 
1-800-354-3112, Ext. 57197 for a free 
demo disk. It could be the greatest 
show on earth. 


0$/2 Coverage: Excellent or What? 


` You published the most comprehensive 
review of OS/2 (November Special Re- 
port) I have ever seen. You did an excellent 
job in pointing out OS/2’s 
strengths and limitations, as well 
as comparisons to Windows and 
Windows NT. Your readers 
now have a clearer understand- 
ing of what OS/2 is and is not. 
Other publications have an un- 
explainable bias toward Mi- 
crosoft and against IBM. 

John Caprioli 

Worcester, MA 


Jon Udell’s November article “Is There a 
Better Windows 3.1 Than Windows 3.1?” 
sums up the new direction BYTE is taking 
in its perennial attack on OS/2. The ap- 
pearance of NT as a white elephant means 
OS/2 can no longer be dismissed for re- 
quiring 8 MB of RAM and lots of disk 
space. Comparisons must now be sought 
with Windows 3.1. 

Windows 3.1's background processing 
makes a system jitter like a chicken with its 
head cut off; OS/2’s multitasking capabil- 
ities purr like a kitten. As for NT, OS/2’s 
object orientation gives me the power to 
tailor my environment to my personality, 
and not to that of Bill Gates. 

Mark Heseltine 
London, U.K. 


‚ We don’t think we’ve been attacking 
OS/2. In fact, we voted OS/2 2.1 a 
BYTE Award of Excellence (see last 
month’s issue).—Eds. 


It’s about time we began to look beyond 
mighty Microsoft in the operating-system 
arena. For two years, Microsoft has been 
telling us everyone needs a multitasking, 
multithreaded, protected, 32-bit operating 
system. But when NT went from a desktop 
operating system to a network server, Mi- 
crosoft told us we don’t need that power 
“quite yet.” When Chicago comes out, 
suddenly we’ll need that power. 

I say we have that power now. It's called 
OS/2, it’s here, and it works. Most maga- 
zines are so enamored of Microsoft they 
won't look at anything else. 

Todd Louis Green 
Silver Spring, MD 


In a nutshell, I don’t believe you. Udell’s 
Windows-OS/2-Windows NT comparison 
claims NT has disk I/O speeds more than 


18 BYTE FEBRUARY 1994 


LS A Te seas з 

+ MT or 05/2: Which one’s best ter Windows applications? . . 
+ 08/2 2.1: A User's Porspective ~~ 
+ Comptes 


Тксімкіу ~. 
* Networking ath Windows and 0572 .. 


twice those that DOS-based Windows or 
OS/2 can deliver. Something’s wrong here. 

Disk I/O is mature in operating systems 
and approaches the maximum throughput 
the hardware can deliver. Am I to believe 
Microsoft has suddenly devel- 
oped a manner of handling disk 
I/O that blows all previous 
methods out of the water—and 
then didn’t trumpet this new 
method to the stars? I think not. 
When something looks too 
good to be true, it usually 15. I 
| think someone needs to sub- 
stantiate your results, before I 
start to believe some PR per- 
son sent you a case of your fa- 
vorite wine. 
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Peter Skye 
Glendale, CA 


NT can't make disks transfer data faster, 
but its unified cache manager—which 
dynamically allocates memory not 
claimed by the operating system or by 
applications to the caching of all local 
and redirected file systems—does a ter- 
rific job. You can statically allocate big 
chunks of dedicated RAM to the Win- 
dows or OS/2 disk caches, but then ap- 
plications can't share it.—Jon Udell 


Books on CD 


I welcomed Hugh Kenner's Commentary 
in the November issue. Books are often 
hard to read on CDs. I also find it annoy- 
ing that I can't scribble notes in the mar- 
gins and that CD-ROM publishers often 
fail to include page. numbers or complete 
bibliographic information. This makes aca- 
demic citation all but im- 
possible. 

On the other hand, cutting 
and pasting makes quoting 
large tracks a breeze, and the 
low cost of CDs 15 a boon to 
students like myself. 2% 

Wade Riddick |! v 
Austin, TX 


I was appalled by Kenner's claim that 
"most books are better left on paper” (than 
put on CD-ROM). Is the day far off when 
the cost of a library on CD is less than a 
comparable one in text? That day is here 
for subscribers to periodically updated pro- 
fessional libraries in law and medicine. 
The issue for "the future" is not printed 
versus electronic books, but locally stored 


(CD-like) versus transmitted (superhigh- 

way) books. I have some nice slide-rule 
company stock for naysayers. 

R. I. Feigenblatt 

Arden, NC 


This Office Needs Another Subscription 


: Here's a game based on Jerry Pournelle's 


column: When a new issue of BYTE ar- 
rives at the office, volunteers each take a 
turn to find the first instance of alas. (As in, 
" Alas, the computer didn't work.") The 
player with the shortest time wins and gets 
priority to the office's lone copy. 
Bill Clark 
Sheboygan, WI 


Fixes 


We inadvertently omitted mentioning the 
company (Caere, Los Gatos, СА) in a De- 
cember 1993 What's New write-up of Om- 
niScan, its 400-dot-per-inch hand-held 
scanner. 


In "Point-and-Click Presentations” (Мо- 
vember 1993), the author incorrectly said 
that Harvard F/X, the bit-map editor in 
Harvard Graphics 2.0, does not support 
scaling and cropping of bit-map images; it 
does. 


In "Printers in Transition" (December 
1993), we stated that as printer resolution 
rises, required RAM increases exponen- 
tially. The correct mathematical relation- 
ship is proportional to the square of the 
resolution, because as you double resolu- 
tion, you get four times the data. 


- | The map in the December 1993 
Report from Cyprus (“А Market 
in Transition") was incorrectly 
identified. According to experts in 
international relations, the interna- 
tional community recognizes the 
Republic of Cyprus as a sovereign 
state and does not recognize two 
separate states within the island. Most 
countries (with the exception of Turkey) 
have not recognized the northern part of 
Cyprus as a state. 


We want to hear from you. Address correspon- 
dence to Letters Editor, BYTE, One Phoenix 
Mill Lane, Peterborough, NH 03458; send BIX 
mail c/o "editors," or send Internet Mail to let- 
ters à bytepb.byte.com. Letters may be edited. 


COLORADO TAPE BACKUP 


4 Gigabytes. 
Under $1700 


Қа 


Fecomouting | - 


WHEN YOU CONSIDER THE VALUE of 
¢ all the data on a network, any backup 

system is a wise investment. But now 
you have a choice. PowerTape Series 
from Colorado Memory Systems. With a 
native capacity of 2 GB and 4 GB using data 
compression, PowerTape can handle virtually any 
backup task. 

The PowerTape system includes a backup tape 
drive, Colorado’ Backup software and more. At $1,695 
MSRP why pay more? And, if 4 GB is more than you 
need, a 2.4 GB model is available with the same high 
performance features at only $1,295 MSRP. 


A new low-cost 1 GB model is available as well. At, 
$799 msrp, PowerTape 1100 is the most affordable 
PowerTape ever. 

With PowerTape, you get safe and easy restores 
and backups, plus the reliability of QIC Industry 
Standard Format. PowerTape offers broad network 
compatibility including Novell® NetWare’, NetWare Ше, 
LANtastic" and ІВМ” PC-NET and operates under UNIX, 
05/2 and Microsoft Windows NT operating 
environments. And all PowerTape systems are backed 
by the best support in the industry. 

Call 1-800-451-0897 extension. 317 today for a 
FREE Colorado Total Backup catalog. 


Colorado PowerTape Series 


Capacities from 525 MB to 4 GB. 


© 1992 Colorado Mesnory Sygems Inc. АЙ rights reserved. PowesTape zod Colorado ae tradendis 
af Colorado Memnry Systema, inc All other trademarks ate property of thew respecuve companies, PTA-BYT11 073 
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T4700CT 


* 95" TFT-LCD active matrix color display 


T4700C$S 
e 95" Dynamic-STN dual-scan color 
LCD display 


Both Models 
e 90MHz SL Enhanced 1486 DX2 
* 8MB RAM (expandable to 24MB) 
* 200/320MB HDD 
* Two PCMCIA slots (16mm and 5mm) 
• Integrated graphics accelerator 


* VL local-bus video 


• Built-in microphone 

* Wave" audio capabilities 

* Audio jacks: headphone/speaker and 
microphone 

* NiMH battery for extended life 

* QuickCharge battery recharge system 

• 35" 1.44MB floppy disk drive 

• BallPoint" 2.0 mouse with QuickPort™ 


* Max Time" Power Management system 


* LCD status icon bar 

e DOS" 6.0, Windows™ and 
Microsoft® Sound System™ 
software pre-installed 


Blazing 50 MHz: Run with the 
power of the SL Enhanced i486" DX2 - 
the fastest microprocessor ever designed 
specifically for notebook computers. 


ГЕСЕ cpm 


1. 
| 
| 
| 


Two separate PCMCIA slots: A 16mm and a 5mm 
slot are your keys to expansion, now and into the future—for 


modems, storage and more. 


The only computer 
you'll ever need: Sipi f f 
into the optional DeskStation IV, 
and you're кашу шай Т) 
monitor, mouse, and full-size 


A multimedia roadshow: Wave 
audio compatibility, 
headphone or extemal 
speaber port, and 
microphone 

jacks make it perfec 
for presentations. 


Pushing 
the Envelo pe 


This is it! The most powerful notebook you've ever capabilities let you create and give breakthrough presenta- 
heard. The Toshiba T4700C Series сап run your most tions anywhere. The renowned Toshiba color displays 
intense applications— or even. „шне Will make all your work shine. And there's 


help you run a presentation. even a full 3-year limited warranty so you 
With its SL Enhanced can carry it with complete confidence. 

i486" DX2 50MHz processor, With so much going for it, buying a 

it easily handles graphics-rich T4700C Series notebook is obviously 

programs as well as spread- Sees a sound decision. 

sheets. The built-in multimedia For a dealer, call 1-800-457-7777. 


In Touch with Tomorrow 


TOSHIBA 


© 1993 Toshiba America Information Systems, inc. All products indicated by trademark symbols are trademarked and/or registered by their respective companies, 
Circle 145 on Inquiry Card. 
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COMMUNICATIONS 


Just Like Magie? 


It will likely take years, but General Magic and its partners want to create a ubiquitous 


communications infrastructure 


BY TOM R. HALFHILL AND ANDY REINHARDT 


pm communications infrastructure is a chaotic 
mishmash of wired and wireless networks that either 
aren't interconnected or are linked via clumsy gateways. 
Business users and consumers who could benefit from 
ubiquitous communications have trouble dealing with all 
the different platforms, topologies, and protocols. De- 
velopers who could provide solutions face formidable 
obstacles because there's no unifying technology to 
bridge the gaps. Although users can access a wealth of 


THE MAGIC CAP INTERFACE 
КЫШЫ tore | 


you are in Magic | 
Cap, you can call - 
someone, senda | 
message, or look = 
up someone's 


іт 
message look up 


@) Desk 


on-line information and ser- 
vices, they must know where 
to look and be willing to master 
different user interfaces, which 
tend to be rigidly text-based 
and command-line-oriented. 
After four years in develop- 
ment, a suite of technologies 
designed to profoundly alter 
this structure is coming to mar- 
ket. The technologies were de- 
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EP” Hallway 


[wf 6 When an urgent message arrives, post an 
announcement гау "Urgent message arrived!” 


RE RES aL! 


veloped by General Magic 
(Mountain View, CA), a start- 
up company that counts Apple, 
AT&T, Matsushita, Motorola, 
Philips, and Sony among its 
partners. The pieces include 
Telescript, a communications- 
oriented programming lan- 
guage for creating distributed 
applications and intelligent 
agents; Magic Cap, an object- 
Oriented operating system de- 
signed for PDAs (personal dig- 
ital assistants); and a new GUI 
that’s a radical departure from 
the Lisa-Macintosh-Windows 
model of the 1980s. 

All these technologies will 
start appearing in the next few 
months, embedded in devices 
from General Magic’s partners 
and licensees. At least two 
firms—Sony and Motorola— 
plan to introduce their PDAs 
by midyear. Initially, they will 
be based on Motorola’s 68300 
"Dragon" microprocessors, but 
Magic Cap is being ported to 
other chips, including Intel's 
80x86 and the PowerPC. 

These new PDAs probably 
won't rely as heavily on hand- 
writing recognition as Apple's 
MessagePad and Tandy/Ca- 
sio’s Zoomer. Instead, they'll 
be more communications-ori- 
ented, with integral wireless 
and cellular-phone capabilities. 

Telescript, a communica- 
tions-oriented programming 


Magic Cap's desk 


[W 3. When апу message arrives, play the Magic sound. (9) 


[wf 4. When a confidential message arrives, Ше it tn the 
Personal foider 


Lj 9 When з message with en offer stamp arrives, Ше it 
in the trash 


language comparable to С or 
Pascal, will let developers cre- 
ate network-independent intel- 
ligent agents and distributed 
applications. Some of these ap- 
plications, in tum, may be tools 
that let ordinary users create 
intelligent agents without pro- 
gramming, What PostScript did 
for cross-platform, device-in- 
dependent documents, Tele- 
script aims to do for cross-plat- 
form, network-independent 
messaging. General Magic 
hopes Telescript will become 
a lingua franca for communi- 
cations. 

Because Telescript is a 
portable language that executes 
atop a run-time interpreter, ap- 
plications can run without re- 
compilation on any supported 
platform or network, not just 
Magic Cap. Equally important, 
Telescript shields programmers 
from many of the underlying 
complexities of network pro- 
tocols and directory services, 
just as the Windows API and 
Mac Toolbox shield program- 
mers from the complexities of 
window management, graph- 
ics, and device I/O. General 
Magic is widely licensing Tele- 
script to vendors for many dif- 
ferent purposes. 

For example, AT&T is now 
using Telescript to build a new 
E-mail service that will sup- 
port rich messaging and data 
interchange. The new service 
will offer gateways to existing 
services, such as CompuServe, 
America Online, and AT&T's 
own EasyLink. Because Tele- 
script is also being adopted by 
other General Magic partners, 
it has an opportunity to become 
the standard middleware for all 
communications-centric appli- 
cations. 

Like Telescript, Magic Cap 
will appear on PDAs from mul- 
tiple vendors, including Gen- 
eral Magic's partners and li- 
censees. Magic Cap isn't just 
an operating system for PDAs, 
however. It could also be used 
in devices like fax machines, 
smart phones, or even TV cable 
boxes. 

Magic Cap represents Gen- 
eral Magic's bid to take GUIs 
to the next conceptual level. 
While today's environments 
protect users from many details 


graphics, color, fonts, and pho- .— .— — 
tos—and then reproduce those 
documents on a wide variety of 
| output devices without writing— 


same thing for communications. 
with graphics, photos, video clips, | 


| scheduling information while С 


AGENTS ON THE LOOSE 


ve CR Қыран UN es icine санадан rite toole IRSE | 
Mit сад neers who Коон potii about prob stering: to crenhe inielerut applicatiues that seni ont ipd relieve 
important information. What kinds of applications does Telescript enable? = 

Think how PostScript made it easy for nonprogrammers to enrich ны with now dits pes—such а A 


Telescript in the Electronic Marketplace 


or even seeing—any PostScript 
code. Telescript hopes to do the | 


avoiding the chaotic details of КЕ 


| file formats, network protocols, | Foundation Technology 
service gateways, and other tech- * Agents act as shoppers, shopkeepers 
| nical exotica. | „* Places function as electronic stores, malls 

. The key breakthrough: Tele- * Agents go to places to conduct business on your behalf 

| script messages are smart ob- * Developers write agents for end users 

` jects that know what to do and e 

_ where to go. Unlike today's E- 


| mail messages, which are merely files of ASCII text and binary attachments that fow through a pipe, Telescript | 
agents are self-contained units. They navigate WANs (wide-area networks) on their own, correctly present them- | 
‘selves when they arrive at their destinations, asd support flexible capabilities such as automatic forwarding or | 1 
| retum receipts, regardless of the platform. 


For example, businesspeople could create or buy custom news-clipping agents (“Fetch me every AP story on | | 


| oll exploration") and stock-market agents (“Send a buy order to my broker if Intel's stock dips below 100"). News- | 
| papers could sell on-line classified ads and then freely distribute agents to help consumers find what they want. 


The open specifications for Telescript may enable a cottage industry of freeware and shareware agents cus- 


of the hardware and operating 
system, Magic Cap goes even 
further. For instance, no longer 
must users understand the dif- 
ferences between executable 
and nonexecutable files, direc- 
tories and subdirectories, phys- 
ical and logical drives, or file- 
names and extensions. 

The new GUI was invented 
by ex-Apple engineers and 
General Magic cofounders Bill 


Atkinson and Andy Hertzfeld. 


It may appear as absurd and 
cartoon-like to experienced 
computer users as the Lisa’s 
GUI did in 1983, but it’s in- 
tended to make personal com- 
puting accessible to the mil- 
lions of people who otherwise 
might never buy a computer. 
Although Magic Cap is opti- 
mized for the small LCD 
screens of PDAs, it will also 
run on desktop computers, ei- 
ther as the primary GUI or atop 
an existing one (much as Ap- 
ple’s At Ease runs atop System 
7), such as the Mac or Win- 
dows. 


‘tomized to рз limitless number of specialized tasks. 


Magic Cap already runs on 
the Mac, and it can take ad- 
vantage of the higher resolu- 
tion and better color available 
on the screens of desktop com- 
puters. It has the potential to 
become a leading desktop GUI 
for users who are technically 
unsophisticated. Even if it fails 
in this attempt, it will likely in- 
fluence the future evolution of 
other user interfaces. 

General Magic has many po- 
tential competitors. Magic Cap 
goes up against operating sys- 
tems like Windows for Pens/ 
Winpad, PenPoint, Newton In- 
telligence, GeoWorks' GEOS, 
and DOS running on pocket 
PCs. Microsoft is promising 
users and ISVs (independent 
software vendors) “Windows 
everywhere," but it remains to 
be seen how the look and feel 
of Windows will be preserved 
across disparate platforms and 
devices. GEOS does a better 
job of bridging these differ- 
ences by decoupling the user 
interface from the application 


--Тот Е. Halfhill and Andy Reinhardt 


code, and it’s already showing 
up on PDAs from Tandy, Ca- 
sio, and Sony. The fate of the 
MessagePad 15 unclear. 

The competition for Tele- 
script is not as obvious. Its 
closest rivals appear to be RPC 
(remote procedure call) mech- 
anisms like the OSF’s (Open 
Software Foundation’s) DCE 
( Distributed Computing Envi- 
ronment) and Sun's DOE (Dis- 
tributed Objects Everywhere), 
as well as store-and-forward 
architectures like Microsoft's 
MAPI ( Messaging API). 

The obstacles to General 
Magic's success may appear 
daunting, but General Magic is 
not your typical start-up com- 
pany. Its partners include some 
of the biggest players in the 
worlds of computing, commu- 
nications, and consumer elec- 
tronics, and it’s loaded with 
top-notch engineers who have 
been given a clean slate to rein- 
vent traditional approaches to 
ubiquitous worldwide commu- 
nications. 
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NEW PRODUCTS 


Best of Comdex Awards 


A. last fall's Comdex, BYTE editors 
worked morning, noon, and night in pick- 
ing the best products and technologies ex- 
hibited at the show. Winners and finalists 
are listed below. 


Best of Show: Simon, a personal commu- 
nications device, took top honors at the 
show (see the related story on page 28). 
Most Significant Technology: Top honors 
went to the P1394 High-Performance Se- 
rial Bus draft standard, a new technology 
that should have a profound effect on com- 
puters and peripherals, as well as home 
electronics and industrial equipment. This 
bus interface is designed to be an inex- 
pensive, universal interconnection for link- 
ing computers with hard drives; CD-ROM 
drives; printers; scanners; and consumer 
products like digital VCRs, TVs, and ste- 
reos at data transfer rates of up to 400 
Mbps. The standard is being developed by 
a committee within the IEEE. Companies 
receiving the award that participated in 
P1394 development included Adaptec, Ap- 
ple, IBM's PC Company, Maxtor, Texas 
Instruments, and Western Digital. 
Finalists in this category were p Pol 
(pronounced micropol), from VRex (Haw- 
thorne, NY); and Raven, from Intergraph 
(Huntsville, AL). The VRex technology 
includes hardware and software for inex- 
pensively displaying 3-D stereoscopic im- 
ages. Raven, a software/hardware combi- 
nation, is designed to bring high-speed 
audio and video to Windows NT. 
Best Portable: Simon won this. Finalists in- 
cluded the highly expandable, luggable 
PAC-586 Pentium system from Dolch (see 
the related story in this section), and Irvine, 
California-based Toshiba's Portégé T3400 
and T3400CT subnotebooks. 
Best System: The Quadra 610 with its 
DOS-compatible card took top honors (see 
the January News&Views). Finalists were 
the Express RISC server from NEC Tech- 
nologies (Boxborough, MA), a dual- 
processor system that's based on NEC's 
VR4400MC Mips processor; and DEC 
(Maynard, MA), which has introduced its 
DECpc XL series of modular 486- and 
Pentium-based PCs that will let you up- 
grade to the company's Alpha AXP CPU 
technology via a daughtercard. 
Best Connectivity/ Hardware: Largo, Flori- 
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da-based AT&T Paradyne's DataPort 
2001 Multimedia Communicator, a mo- 
dem-size box with bundled modem/fax 
software and Data Beam's FarSite shared 
whiteboard program, lets you simulta- 
neously talk and send and receive still im- 
ages, graphics, and data on the same reg- 
ular telephone line. Finalists included 
Solflower Computer (San Jose, CA), 
which developed a multihost controller 
that lets up to 16 Sun workstations share 
information at 8.3 MBps. Artisoft's (Tuc- 
son, AZ) Simply LANtastic, the other fi- 
nalist, includes a scaled-down, simplified 
version of LANtastic 5.0 and ingenious 
self-terminating Ethernet adapters that can 
be daisy-chained and disconnected without 
interrupting the network. 

Best Peripheral: SyQuest's SQ1080 of- 
fers the first PCMCIA removable hard disk 
cartridge drive. Finalists were DSP Solu- 
tions’ (Palo Alto, CA) portable 16-bit 
PCMCIA sound card and Philips Con- 
sumer Electronics’ Brilliance 2130, a 21- 
inch digital monitor. 

Best Connectivity/Software: DEC's 
LinkWorks software lets workgroups share 
information and collaborate over networks. 
Finalists were Visual Voice, a Visual Ba- 
sic custom control from Stylus Innovation 
(Cambridge, MA), and BW-Server, from 
Raleigh, North Carolina-based Beame & 
Whiteside. BW-Server provides NFS ( Net- 
work File System) functionality to an Intel- 
based PC without requiring a Unix-based 
machine to act as an NFS server. 

Best Multimedia Hardware: Austek Mi- 
crosystems' A1060 was named the win- 
ner (see the related story on page 28). Fi- 
nalists included Fast Electronic U.S. 
( Natick, MA), which offers a video over- 
lay, frame grabber, TV tuner, and video- 
editing system on one card with software 
for $549, and Microfield Graphics' ( Bea- 
verton, OR) Softboard. 

Best Multimedia Software: Ultimedia 
Video IN/2 ($199) for OS/2 2.1 from IBM 
Personal Software Products converts video 
input to Indeo or IBM Ultimotion format. 
Finalists were Lotus Development's 
ScreenCam (see the story on page 28), and 
Tempra Producer Pro, a $99 Windows- 
based modeler and rendering program 
from Mathematica (Lakeland, FL). 

Best Printer: QMS ( Mobile, AL) and its 


| When system manufac- 
| turers: include the drive 
| E thelr desktop and 


merald MOMÊ RJ jf 


2001 келіні» System ($3999) - m 
top award іп this category. QMS's system 
is based on Windows 3.1, and it combines 
a copier, fax, scanner, and laser printer. 
Finalists were the 360-dpi Canon (Costa 
Mesa, CA) $649 BJC-600 color ink-jet 
and LaserMaster's (Minneapolis, MN) 
$19,995 Digital Color Printer. 
Best Software: Kai's Power Tools from 
HSC Software (Santa Monica, CA) won. 
Finalists were WizRule, a program devel- 
oped by Rational of Tel Aviv that discov- 
ers exceptions and unknown rules in a 
database, and IBM's Personal Dictation 
System, which can handle up to 70 spo- 
ken words per minute. 

—Dave Andrews 


Visual Development Environment For OS/2 REXX 


WATCOM VX-*REXX is an easy to use visual development environment 
for creating applications that leverage the capabilities of OS/2 2.x and 
exploit the Presentation Manager graphical user interface. V X*REXX 
combines a project management facility, visual designer and an 
interactive source-level debugger to deliver a very approachable and 
highly productive visual development environment. 


Design Applications Visually create rich graphical applications quickly and 
easily using the visual design environment. With the visual designer, you can graphically create 
Presentation Manager interface objects, quickly customize their properties, and easily attach 
REXX procedures using powerful drag-and-drop programming techniques. 


Integrated Development Environment Build, test and debug your application 
without leaving the development environment. Then package your application as an EXE file or tahirants 
PM macro for royalty-free redistribution. The power of the integrated development environment wasn АА ouse ic за! deve nt envir 
and debugger can also be used with your existing REXX applications. | » Drag-and-drop programming 


The е! 


Cr n cake ned obiects dynamically a 


Powerful Open Environment Enjoy the simplicity of event-driven | both edit and run time 
Joy р rk 
programming together with the global editing capabilities essential for professional project . 2» Powerful pr ject Management acility 
management. WATCOM VX*RExx is open and extensible through IBM" $ — 2! Msi ced interactive source-lavel debugge 
object oriented System Object Model (SOM) technology. You _ a ғ сш. зе your applications as EXE files or 
can access all standard Rexx АРГ5 including DB2/2, „= XS ye c n TRA M macros 
- жож T Ec de - uo у Access to standard Rexx АРІ” Б including 
because VX*REXX is based on the OS/2 2.x ук ВРА | DB2) 2/2 Ws 
standard system REXX. E ao |» > System Object обе! (SOM) based object — | | 
= s ies og ail = z = ata رل‎ Ak v manage er 4 
interactive Debugging | v m Aa = 1 e «NI і » Supr port for б multi-threade ed appl сас 
If an error occurs at run-time, VX*RExx will ЖО 0-50 a s Neat Н, +> Include de OS/2 style help and hints ca 
j inpointi ee a желеп lications 

display a traceback pinpointing the source Wow ж” on LU А, башы ‘ ae ACUN objects 
line where the error occurred. A simple click m a. a tg oe age ii Уа ы 

А А 122 РРР Cn С: m op EE |, > Inter grated conso le winc dow. SUP port for 
of the mouse will return you to the source edit ss o ero WM -, existi ing Rexx programs 
window to correct the error. The built-in | Ж” E en — ь » Royalty-free run-time 
е . ы ot, po E 1 3 = En , - > | 
interactive source-level debugger lets you set | (5 ee шш \ ا‎ ole MOSSE windos и Support 
breakpoints, step through code and watch МҮМ ш O су ьс eate PM macros $ for applications 
variables to track down complex problems. M Dm c AR 2—7 а porting Rec as a macro language. 


Build Professional Applications MT ius 
WATCOM VX*RExx allows you to leverage key " s dors Su ggested Retail: $1 99* 


OS/2 features to create professional applications. КҮЗДІ 8/2 
Build applications that dynamically create and modify ro at of YOU" 
CUA'91 screen objects at both edit and run-time, and 8% 


include OS/2 style help and hints. | Call Toll Free 
Create Multi-Threaded Applications 1-800-265-4555 


Every VX*RExx application contains multiple threads. One thread 


£ 
р 
|І!) 
ا‎ 
ШІ 


remains responsive to user input while others continue processing. WATCOM International 
In addition, VX*REXX provides the ability for advanced 415 Phillip Street, Waterloo, Ontario, Canada, N2L 3X2 
applications to easily use additional threads. Phone: (519) 886-3700 Fax: (519) 747-4971 


Circle 152 on Inquiry Card. 


“Prices and specification are subject to changa without notice. Price does not include freight and taxes where applicable. Prices quoted in US dollars. WATCOM, the Lightning Device, and VX*Rexx are trademarks of 
WATCOM International Corporation. Other trademarks are the properties of their respective owners. © Copyright 1993 WATCOM International Corporation. 


You need a system flexible ages. Applications as far-reaching 
enough to handle any application. as fourth-generation languages, 


The RISC System/6000. warehouse management, job cost- 
You know that in today’s business ing, Insurance agency management, 
environment if you can’t bend . the most powerful CAD applica- 
you're liable to break. You have to tions, and there's much, 


be flexible enough to handle what- much more. In 


In business you 


ever the world can throw at you. 
50 we built the RISC 
System/6000° to give you тоге 4 
than just speed and power |ы” ! 
fact, our 


but also an unparalleled 

flexibility of applications. У Business 
То run more than 6,500 y Partners аге 
different applications to € bringing 

fit any industry, any busi- innovative 
ness need. Everything from 4 пем = 


Ps S4 to the | 
RISC System/6000 


software development 
tools to accounts re- 


ceivable. From pay- every day. All of this cet m 
roll to the leading | greater flexibility mE e 
database pack- is made possible Pigs a 


ІВМ and RISC System/6000 are registered trademarks and AIX/6000 is a trademark of International 
Business Machines Corporation.UNIX is a registered trademark of UNIX Systems Laboratories, 
© 1993 IBM Corp. 


by AIX/6000;' ІВМ? industrial- 
` strength version of the UNIX°oper- 
ating system. AIX/6000 opens up 
a world of possibilities, without 
upsetting your existing 
equipment and 


whether (һеуте 
from IBM or not. And 
because AIX/6000 com- 
plies with all relevant UNIX 
industry standards, includ- | 
ing the new DCE from OSF, | 
you can take advantage 
of the newest client/server 
applications. 

IBM backs all of this 

up with total installation sup- 


port, system customization 


network links, 


* ы 


and consulting services. If you 
need it, we ll bend over backwards 
to get it to you. In fact, there's 
only one thing we're inflexible 
about: the superiority of IBM's 
service and support. 24 hours 


а дау, 7 days a week, 365 days a 


: Speed and power. 


year. To get a complete listing 
. of the thousands of appli- 
А cations available to you, call 
| 1800 IBM-6676, ext. 676 
for your copy of the 
, AIX Solutions Catalog. 
| Or to get informa- 
tion by fax, call 
1 800 IBM-4FAX. 
We'll give you 
all the power, 
speed and flexi- 
bility you'll need 
to go straight 
to the top. 
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BUSINESS MULTIMEDIA 


ScreenCam, Lotus’s On-Screen 


“Tape Recorder” 


Т. much technobabble and 
too heavy a reliance on video: 
Steve Barlow, the product man- 
ager for multimedia at Lotus 
Development (Cambridge, 
MA), believes that these two 
obstacles have contributed to 
the perception by business that 
multimedia doesn’t make you 
productive and isn't worth the 
cost. Barlow says if Lotus had 
originally marketed its flagship 


SIMON SAYS: COMMUNICATE 


IBM and part- | 

ner BellSouth | 
` have introduced | 
a personal com- 
munication de- 
vice that com- 
bines a cellular 
phone, fax, E- | 
mail, cellular 
paging, and sev- 
eral personal productivity applica- 
tions in a system that weighs just 18 
ounces. 

BellSouth, which is distributing 
the product for IBM, will introduce 
Simon ($899, call (800) 746-6672) - 
first to the central Florida region апа 
then to other markets in the U.S. 
Nicole Lipson, manager of media re- 
lations at BellSouth Cellular, says 
the company expects that Simon will _ 
be available nationwide by April. IBM - 
is evaluating whether it will release 
Simon to international markets. | | 
| BellSouth quotes a battery life of 

about 8 hours while in standby mode 
and about 1 hour during continuous 
| talking or data transmission. A back- 
lit LCD lets you access Simon's com- 
munications, calendar, appointment, 
calculator, paperless notepad, key- 
board, and address book applica- 
tions using a plastic pen or your fin- 
ger. A built-in 9600-bps fax modem 
lets you send or receive faxes of up 
to three pages. An optional PCMCIA 
pager card will let you receive al- 
phanumeric pages. 


—D. А. 


28 


BYTE FEBRUARY 1994 


Lotus 1-2-3 in the same way 
multimedia is being promoted 
today, the company would 
have pointed at the spreadsheet 
program and said, “Look at this 
great technology...look at this 
great cell engine." 

As part of its strategy to de- 
liver business-practical multi- 
media into the hands of novice 
computer users, Lotus has in- 
troduced ScreenCam, a pro- 
gram for Windows that lets you 
capture screen activity, Cursor 
movements, and sound into a 
file that can be integrated as a 
stand-alone executable file or 
with any Windows program 
that supports OLE. 


ШЕ! Program Manager - [Lotus ScreenCam] [52 |5 


pn File Options Window Help A ҮЧ 


To create a ScreenCam file, 


_ you click on a record icon to 


begin the recording session. As 
you move the mouse and enter 
keystrokes, you narrate your 
screen activity as you speak 
into a microphone. To play a 
ScreenCam file, you don’t need 
ScreenCam or the application 
that created it. ScreenCam does 
not require a video-capture card 
(although it does require a 
sound card), It can create full- 
screen, full-motion files that 
can play on a 386-based or 
higher machine. 

Lotus says that ScreenCam 
is a natural for letting people 
distribute files that explain a 


Lotus 


ScreenCam 


new feature іп a program or ап- 
notate a word processing or 
spreadsheet file. A 1-minute 
ScreenCam file will typically 
consume about 1 MB, most of 
which is due to the sound, Bar- 
low says. Lotus is investigat- 
ing several compression alter- 
natives. 

ScreenCam will be bundled 
first in Lotus 1-2-3 release 4/ 
Multimedia Edition, but Bar- 
low says the company plans to 
release it with future versions 
of Lotus Notes and SmartSuite. 
A stand-alone version expected 
in the first quarter will probably 
sell for under $100. 

—D. A. 


GRAPHICS/ENTERTAINMENT 


High-Performance 3-D Coming to PCs 


BA созо» like 3-D model animation, 
stock-market visualization, and other high-end 
programs usually found only on expensive work- 
stations should start appearing this year on less 
expensive 80x86-based PCs. Thanks to board- 
level OpenGL graphics accelerators coming 
soon from companies like Austek Microsystems 
and DuPont Pixel, system vendors will be able 
to build relatively inexpensive PCs capable of 
delivering workstation-like performance on ap- 
plications running atop OpenGL. 

Silicon Graphics’ OpenGL API makes it eas- 
ier for developers to program such applications 
and creates the hooks for hardware accelerators. 
These inexpensive graphics accelerators, when 
working side by side with CISC or RISC proces- 
sors and OpenGL-based applications, will make 
it possible to deliver a 3-D processing platform 
at an affordable price. 

At Comdex, Austek Microsystems ( Fremont, 
CA) introduced its А1060 graphics accelerator, 
which the company expects to begin produc- 
tion on in the first quarter and sell for about 
$100 each to OEMs in “moderate” volume. The 
goal of the company, according to Chris Russell, 
marketing manager of graphics products at Aus- 
tek, is to provide a low-cost platform that al- 


lows the easy porting of high-end applications to 
higher-volume platforms. Such graphics accel- 
erators can off-load the central CPU from hav- 
ing to write pixels to a frame buffer and shade 
them and let the main CPU and FPU concen- 
trate on true math operations (e.g., matrix trans- 
formations). 

DuPont Pixel’s Glint chip will accelerate 
OpenGL 3-D graphics running under Windows 
NT and Unix. Osman Kent, executive vice pres- 
ident of R&D at DuPont Pixel (San Jose, CA, 
and Egham, U.K.) says the Glint chip will de- 
liver advanced graphics performance on ma- 
chines ranging in price from $3500 up to 
$35,000. Glint is not expected to start sampling 
until the middle of the year. 

Austek's Russell cautions that these new 3-D 
platforms are not restricted to the technical mar- 
ket. “Developers of entertainment and educa- 
tion applications may also see this platform as а 
very attractive one to write 3-D programs," he 
says. "As board-level products begin to emerge 
based on our technology and Silicon Graphics’ 
OpenGL, then the entertainment developers 
would see this as a very attractive combination 
to write high-performance, low-cost 3-D games." 

—Dave Andrews and Dom Pancucci 
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|! WinBench" 3.11 by Ziff-Davis Labs 
| Tests Remote Windows" Speed 


This graph shows the speed of the three leading remote control 
programs when transferring Windows screens. As you can see, 
Close-Up handles more pixels, faster, meaning you spend 

less time waiting for Windows screens. 


The industry standard test, WinBench 3.11, is perfect for 
testing the speed of remotes. It is an accurate measure of video 
throughput. Video throughput is the limiting factor in remote 
operations, because remote programs must transmit Windows 
video functions from one PC to the other. 


1,400,000 


Communicate Why Is Close-Up So Fast? 
Faster & Easier Close-Up learns as it works. It uses AI 
Close-Up’ lets you (Artificial Intelligence) to compress all 


Windows video function calls. That's why 
Close-Up does so well in Windows 
Benchmark tests (see 


communicate faster & 
easier with five 


exciting tech- lcchnology ДАБЫЛ WinBench 3.11 chart) 
nology firsts. 1. AI Video Compression Close-Up uses its | 
Close-Up is | 2 Photographic Memory revolutionary Photo- 
the only remote! 3. Won-Intrusive Technology graphic Memory” so 
communica- |4 Expert System that once Close-Up 
tions software | д video Translation ha all f 
that won both o еген = 
PC Magazine's coveted 8 EERE UMEN. Шы 


as screens change, Close-Up only transmits 


Editors Choice” and PC new unmemorized data. Incredibly, with 


World's “Best Buy” 


awards. Now Close-Up this technology Close-Up gets faster & 
has a new faster & easier fester the longer you use it, 
ersion that all А 
to view and contol What Remote Companies 
another PC by modem Haven't Told You 
as if you were there! Other remote programs permanently slow 
Windows and usually reduce your video 


resolution and depth of color, even when 
they are not in memory. That's because 


they permanently change your system ini 
cain m file. Close-Up's breakthrough Non- 
Close-Up 1513118 Intrusive Technology does not modify any 


pcAnywhere 194 093 


ү of your sensitive Windows files including 


the system.ini. Close-Up is the only remote 
that when not in use, allows Windows and 
your PC to run at normal optimal levels. 


Carbon Copy 


for Windows 2.0 


a o سات‎ We used two identical Gateway 


Test performed without verification by Zift. All products are shipping 
*60 day money-back guarantee if 


4DX2-46V's with 66-MHz Intel 486DX2-66 CPUs, 16 MB RAM, 256KB RAM cache, 340 MB HD, IDE controller, no hardware 
ATI Ultra Pro with ZMB VRAM, 640 by 480 pixels, 16 olors, VGA DEV dated 3/10/92 Monitor 72 Hz. MS-DOS 5.0, SMARTDRV 2 MB cache. Modems: two 14,400 bend V 32bís. 
à versions. WinBench trademark of Ziff Communications Co. Windows trademark of Microsoft Corp. 
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New Kemote Software Sets 
Windows Speed Record 


Expert System Makes 


Communications Easy 

You don't have to be a communications 
expert to get the results of one. Close-Up 
has an Expert System that automatically 
analyzes system components and config- 


ures your system for optimal speed. 


Video Translation 

With Close-Up, dissimilar PCs can easily 
connect, because Close-Up senses the 
video capabilities of both PCs and 
automatically displays Windows 

in a video mode compatible 
with both sides. 


Risk-Free Offer! 
Try Close-Up. If you're 
not absolutely convinced that 
Close-Up 5.0 is the fastest remote 

program, we'll give you your money back!* 
Order Close-Up Host & Remote, a 
complete system, for only 9199,5 


Upgrade your current or competitive 
remote program to new Close-Up 5.0. Get 
both sides, Host & Remote, for only $69.* 


Order Today 805-964-6767 


Norton-Lambert 


disk cache. Video: Local 


i from Norton-Lambert. Offer expires 6/30/94. АП prices іп US Dollars. Prices exclude shipping, 


purchased 
© 1994 Norton-Lambert Corp., P.O. Box 4085, Santa Barbara, CA 93140 USA Phone (805) 964-6767 Fax (805) 683-5679 
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The PowerPC 
is coming soon to a 


B^ up and microprocessors will 
hang on tight. 


run circles around 


Personal computers machines based on 
based on the Intel486 
PowerPC DX2 micro- 
micropro- processor. 
cessors from They'll whip 
Motorola are | those based on 
coming your way. the Pentium” 
And when microprocessor, 

. they arrive, too, especially in 


they're going to be the fastest, crucial floating 


most powerful personal point performance. And they'll 
computers you've ever seen. cost no more than today's PCs. 


Computers based on PowerPC Right out of the gate, computers 


based on PowerPC microprocessors 
will be able to run the most popular 
software operating systems, including 
АТХ; Macintosh’ System 7 MS-DOS; 
Novell® NetWare" 4, OS/2; the 
РоугетОреп Environment, Solaris’ 
and Windows NT. 

You'll be able to choose application 
software from leading vendors like 
Adobe; Aldus; Autodesk; Banyan; 


Claris; Frame; Informix; Ingres; 


Mores Pome PC E93 80 
Мокуо PowerPC 402358 


іле Рамаға 065 
| іле ОХ; 56 


P. — iy Motorolas PowerPC microprocessors 
will run new generation software a great deal faster 
than computers paced by Intel's Pelican microproctssors. 


PowerPC microprocessors. Changing 


“Vie mcn. Seule! compertiors ЖЕ based upon press reports of performance ol те БАЯН устхуа of fe Рат and герб DX2 тъст соссуз 
kakrin of БЫ Coronae Mainah n 2 ragirî 


rairai of Apple Corpin, ус. су жол and MS-DOS are recedens tracternarks and Voto НІ a û тайыл of 


аз ranor Dy rel © 1994 Муса, inc Motorola and re HD are герге ткіртайз of Marok, Inc. Рошелйрел. 
Macrosait Corporation Жы a A 


microprocessor 
computer near you. 


— 1 
i 


NETWARE E 


WINIX "- 
| 
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Choose the 
operating system 
that meets your 
needs. There will be 
computers based 
on PowerPC 
microprocessors 
to run them all. 


Microsoft? Oracle? 
Sybase; Symantec” and 
WordPerfect? And with 
the superior floating 
point performance of 
computers based on 
PowerPC micropro- 
cessors, you'll run that 
software faster and 
more efficiently than 


will those based on 


Intel’ microprocessors. 


Also, you can expect the performance 


advantage of computers based on 


PowerPC microprocessors to increase 


E }›- PowerPC 603" microprocessor. 


“The PowerPC microprocessor changes the rules 
of the game. Historically, graphics applications 
have done as much as possible in integer arithmetic Now we can't tell you exactly 
because previous processors have had better 
performance there. What weve seeing with the 


PowerPC is a move to floating point for our graphics 
applications and getting better performance.” when the new computers based on 


— Jerry Barber, 
Chief Technical Officer, Aldus Corporation 


pe шы PowerPC microprocessors will Бе 


over time. Because while the Pentium available, but your computer com- 
microprocessor is bumping the limits pany probably can. So call them. 

of its 15-year-old architecture, the Or for a copy of our latest PowerPC 
streamlined PowerPC Architecture" Microprocessor Update, call 

is just getting started. 1-800-845-MOTO. 
As 1994 unfolds, you'll see PowerPC micro- 
processors from 


new workstations and desk- 


top computers based on the Motorola. The 


PowerPC 601° microprocessor as fastest computers you can buy 
well as notebooks and low-cost are fast approaching. 


desktop computers based on the 
(M) MOTOROLA 


the course of computing. For the better. 


заҥоетап of Ihe 


PonsrDose Assecabon PoserPC. the Prag PC logo, PowerPC 
Сото SOL 9 à куне) Iradernant of Sun Маслоу уаз Computer Corporation Моя anc Hafir are паузага 


Асаке, PowerPC 601 and Poss PC 503 а tradermarts and AX а Ра гасусдегиї газето of IBM Corporation and are used by Мако слов руы from ЙМ Corpora. 052 rs à registered 
Табита ûl Novell tre Ad brand or pecrduct rar app v fes ad жа ehe! trademarks or теуге) арто пі ver пекжксіме holders АЛ nights reserved 
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News & Views 


NEW TECHNOLOGY 


Liquid-Cooled PCs: The Next 


Hot Thing? 
W.. chips like the Pen- 


tium and DEC’s Alpha, the 
power of the mainframe has in- 
deed arrived on the desktop, 
but you probably didn’t expect 
the mainframe’s cooling sys- 
tem to come along for the ride. 
However, that’s exactly what 
a New Hampshire company is 
working on: liquid-cooling sys- 
tems for desktop PCs and even 
laptops and notebooks. Unlike 
the fans currently used to cool 
desktop PCs, the liquid-cool- 
ing system doesn’t draw any 
power and can have a lower 
profile than a metal heat sink. 
The liquid-cooling system 
developed by Aavid Engineer- 
ing (Laconia, МН) works much 
like an air conditioner or a re- 
frigerator and uses a refriger- 
ant fluid called Fluorinert. Un- 
like Dolch’s liquid-cooling 
technique, Aavid does not use 
a heat sink. Aavid’s system 
consists of an evaporator, 
which sits on top of the micro- 
processor, and a condenser, 
which can be as small as 6 by 
3 inches. The entire system 
weighs about 75 grams. The 
fluid in the evaporator draws 
the heat from the microproces- 
sor and flows to the condenser, 
where the heat is dissipated. 
According to Gary Kuzmin, 
Aavid's digital product direc- 


“Oasis” Liquid-Cooling System 


ЕР 


сһір 


tor, the first application of the 
liquid-cooling system will be 
in desktop machines, because 
it will be easy to incorporate 
the system into existing form 
factors. Laptop and notebook 
computers would have to be re- 
designed to accommodate the 
cooling system, particularly the 
condenser. Kuzmin says that 
the condenser can be built into 
the back of a laptop’s display. 

Not all CPUs require this 
much cooling, however. The 
PowerPC 603, due this year, 


DOLCH ANNOUNCES LIQUID- COOLED PENTIUM PORTABLE 


= س 


" “Dolch Computer Systems" (Milpitas, CA) РАС-586, а | 
( Pentium-based portable, uses a liquid-cooling tech- 
|, “nique to eliminate the need for large cooling fans 
and big heat sinks. Dolch's liquid-cooling technique, 
which the | company uses in its Mach portable com- 
puters, uses a combination of a fluorocarbon gel 


and a heat sink, according to Steve Fritz, spokesman 
for the company. As the Pentium chip gets hot, heat 
is conducted through the gel to a heat sink that 
transfers the heat throughout the metal skin of the 


"у. 


|  portable's inner chassis. The РАС-586, which starts 


= — me ЕН 


exhaust 


High-powered 


Liquid and — 
` vapor lines will 
be incorporated 
into hinges. m 


Aavid's liquid-cooling 
scheme uses Fluorinert, a 
material that has a boiling 
point of about 60°C. Once the 
Fluorinert reaches its boiling 
point, it forces open a valve 
that leads to the condenser. 
There, the vapor is cooled 
and returned to the 
evaporator unit. 


will likely offer Pentium per- 
formance while drawing just | 
to 1.5 W, compared to the 66- 
MHz Pentium’s 16-W power 
consumption. 

Aavid’s goal is to produce 


cooling units priced at around 
$20 in high-volume quantities. 
Look for computers using the 
liquid-cooling system to appear 
in the second quarter. 
—Nicholas Baran 


Superservers Everywhere 


SCA like ALR, AST, Compaq, and Dell, along with 
IBM, NetFrame, Sequent, and Tricord, are all selling super- 
servers, machines that often differ widely in terms of supported 
operating systems and maximum number of CPUs. What about 
Cray Research? A company known better for its supercomputers 
than for scalable servers is actually the company that holds the 
trademark on the name superserver. Yet it wasn't until last fall that 
Cray's subsidiary, Cray Research Superservers ( Beaverton, OR), 
released a SPARC-based superserver called the CS6400 that will 
compete with its superserver rivals in commercial markets. 
Christopher Willard, manager of high-performance technolo- 
gies at IDC in Mountain View, California, says that "this system 
will compete in two areas. One is for technical computers with 
RISC processors that can run the same software you can run on 
the desktop. That market includes IBM, Digital, Silicon Graph- 
ics, and HP. The other market is the Unix database market, which 


includes, on the commercial side, Sequent, Pyramid, and others." 
—Dp. A. The new system can have up to 64 CPUs and will be priced start- 
= — | ingat $335,000. —Anne Fischer Lent 


E t about $6000, Б designed for people who need a highty expandable, lug- 


` gable PC. 
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= С FEATHERWEIGHT AND FULL FORCE. 


Frequent flyers and life-on-the-road types take note: New lightweight 486SX 
notebooks from AMBRA" combine 25 MHz speed with first-class computing From clean-edged 
images to easy 
cursor tracking, 
AMBRA lightweight 
notebooks’ STN 
color and mono 
screens are the 
picture of price/ 
performance. Our 
If your: larger notebooks’ 
STN color screens 
offer the added 
benefits of extra- 
generous viewing 


on the move area and dual-scan 
| technology. 


call AMBRA. PC Computing calls 
active matrix color 
“beautiful to behold.” 
Our new One glance at the 
uniformly brilliant, 


capabilities — 
including color— 
yet tip the scales 
at a mere 

four 


pounds! 


work keeps you 


DAUNTLESS POWER N-Series 
BEYOND OFFICE DOORS. 


With new high-speed, high-performance AMBRA 


| fast-refresh, 
notebooks, no application is too demanding. MOBILE SYSTEMS a 
You have the power to do it all! At 6.6 pounds, screen of our 
pac К lots of premium notebook, 
these machines are as trim as they are fast — and you're sure | 
to agree! r 


33 or 50 MHz. Besides 4865X ог DX2 P 0 W - R ye { 4 


processing clout, they 
come with a full array of travel LIGHT. 
desktop-level features, and 


high-volume hard disk 


capacity. سی‎ | | 
SUSPEND RESUME 

Work steadily through а 

"stop and start" day! AMBRA 

SN-Series notebooks let you 

чалын чуна | easily halt mid-application, апа 

Some notebook keyboards feel cramped later pick up In the same place. 
and shallow, with pointing devices that TS | 
are unwieldy or easily lost. Not ours. 
Here's why: 

m 84 keys, including 12 function keys 

ш Standard keyspacing 

a 3mm key travel (strike depth) 

a Integrated 16mm trackball 


Fax figures — . 
to far-away 


Af |© SMALL OPTIONS, 


"pes C : Bib OPPORTUNITIES- 
Tie into - | 0 EVERYWHERE YOU 00. 
an onsite : 
ичир 0 AMBRA mobile systems 
: make room for your pick of 
Download = ( "s = ' ' 
data from d credit-card-size PCMCIA 
Ф 
your host’s Б options, providing 
host! o 
а S 0 everything from fax/modem 
When you... 7 function to on-the-spot 
— 7 : mainframe connectivity! 
be instantly аз. : шы | 
at home! : 
= 9.6 kbps fax/modem 
y > = 14.4 kbps fax/modem 
With ‚ mobile computing = Token-Ring adapter 
| = Ethernet adapter (10BaseT) 
power goes hand-in-hand with в 3270 adapter 


“ROAD WARRIOR” OPTION BUNDLE: $386 


For SN-Series: Includes PCMCIA 2.4/9.6 kbps fax/ 
modem, extra battery, battery charger, carrying case 


capability to COMMUNIC. 


“TRAVELER” OPTION BUNDLE: $288 


For N-Series: Includes PCMCIA 2.4/9.6 kbps 
fax/modem and extra battery 


| 

| “INSTANT OFFICE” 
l 

| OPTION BUNDLE: 


- 
a m e Y 
«Ж "и 


| $927 a —— = 
! For N-Series: VUAECK AT YOUR DESK: CONVENIENT DOCKING. 
| Includes docking station, т 

! 45" FST color monitor With an optional docking station. your AMBRA mobile system 
P | сап be instantly plugged into extra storage, extra peripherals, 


networks and resources throughout your company! 


“QUICK DOCK” 
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| $417 Docking Station Docking Station Port Replicator 
| 4 ISA slots (2 VESA on local bus) 2 ISA slots 2 serial ports 
For SN-Series: 2 drive bays (5.25" and 3.5") 2 serial ports 1 parallel port 
2 internal speakers 1 parallel port 1 video port 
ызы or eur 2 serial ports Е a E 
| 14 UVGA color 1 video port 1 keyboard port 
| житин, , Pence 1 keyboard port $89 
full-size keyboar 
| diss d 1 keyboard port есче 
L- ---- - $499 


W N-Series 


W SN-Series 


N4SOT SN425C Featherweight. 
а 486DX2, 50 MHz и 4865X, 25 MHz, SL-Enhanced 
= SMB RAM, max: 12MB = 4MB RAM, тах: 20MB 
u 3.5" 1.44MB diskette drive = 170MB removable hard disk 
= 200MB hard disk = 7.8" STN color screen Fierce COLOR. 
= 9.5" TFT active matrix color screen в 1 PCMCIA slot, Type II 
= 1 PCMCIA slot, Type Ill в Integrated 16mm trackball 
a Integrated 16mm trackball в Suspend/Resume 
a MS-DOS® Windows" 3.1 a MS-DOS, Windows 3.1 F riend ly p r | се. 
a Carrying case = Slip case 
= 6.6 Ibs, including battery и 4 Ibs, including “=> 
$3,999 $1,899 = 
(With extemal 3.5* \ 
1.44MB diskette drive, add $99. FIRM CONFIDENCE 
N450C | 
= 486DX2, 50 MHz — AMBRA covers every mobile 
= 4MB RAM, max: 12MB А i ^ 
, ystem with a 30-day money- 
“ 3.5" 1.44MB diskette drive = 4865Х, 25 MHz, SL-Enhanced 
в 200MB hard disk s 4MB RAM, max: 20MB back guarantee and a one-year 
= 9,5" STN dual-scan color screen a 80MB removable hard disk | i 
в" 1 PCMCIA slot, Туре III = 8,2" monochrome LCD limited warranty. For just $99, 
| s Integrated 16mm trackball = 1 PCMCIA slot, Type Il я n 4 
) . an optional Executive warranty is 
А е MS-DOS, Windows 3.1 a Integrated 16mm trackball j Li 
EE - Сапупо case « Suspend/Resume available? With either warranty, 
| ^ = 6.6 Ibs, including battery - MS-DOS, Windows 3.1 
F i $2,699 « Slip case you can rely on toll-free technical 
р | " 4 lbs, including battery support around the clock! 
3 $1,399 
| N433C (With 170MB hard drive, add $150. 
Ze 4865Х, 33 MHz With external 3.5" 1.44MB diskette drive, 
| = 4MB RAM, max: 12MB add 899.) 
= 3.5" 1.44MB diskette drive өт. 
= 120MB hard disk a 


= 9.5" STN dual-scan color screen FULL CONVENIENCE. 
« 1 PCMCIA slot, Type Ill 


a Integrated 16mm trackball To place an order or get more information, just call — 


weekdays 8 am to 11 pm, weekends 10 am to 
« Carrying case 7 pm (ET). We accept Visa, MasterCard 


TM 
: Discover® and American Express® — and purchase 
= 6.6 Ibs, including battery orders from qualifying businesses. Pick up the B R ۸ 
$2,299 phone today! 1 ІМ 


In Canada? сай! 1-800-363-0066, Ext. 5739 


ВІ!-2181-аз1131% 


“| Ron White, “in Search of the Штаде Notebook." PC Computing, July 1993. 7 Plesse сай for details regarding AMBRA's money-back guaraniee, limited warranty and Executive warranty. Relum shipping and Insurance charges are the responsibilty 
of the customer, 3 Offerings may differ in Canada 
©1994 AMBRA Computer Corporation. AMBRA is а trademark of ICPI Lid. and used under license therefrom. uuo, ces ads, hear cs ttal و ت‎ е intel Is a registered trademark of inte! 
ыса рз pM ccc AY other product names are trademarks or registered trademarks of their respective suppliers. Offerings, prices and products are subject to change wilhout prior 
r nol include shipping 
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Sereen Savers 
Ad Nauseum 


5... savers, those neat little utility programs that рор up flying (i AN 
toasters, sea horses, and bespectacled cows, have become big business for 2 қ | 
software companies. Currently, the Software Publishers Association (97% 
(Washington, DC) tracks screen-saver programs with other utility pro- “Ay 
PSVCATRIC grams, so it's hard to tell how much revenue this cat- 
HELP 54 egory generates. But Berkeley Systems (Berkeley, CA), 
Eee X developer of the popular After Dark screen-saver program, А. 
: says it has sold over 1 million copies of the program. v 
Why has this product category become so popular? Three 
a | reasons: PCs, as they become hooked into the corporate network, are be- 
® coming less personal, and screen savers let people reclaim a little measure of 
THE росток individuality by letting them put zany characters on their screen. Second, corpora- 
ED tions are using programs like Pleasonton, California-based Aristo-Soft's CD-Blaster 
= and Media Blitz 3.0 from Asymetrix, which let them insert their own com- 
pany logo with a motivational or informational message along with it. Third, most | 
screen savers offer password protection, which adds a measure of security to all this | 
fun. New entries to this category include (clockwise from top right): Marvel Comics | 
screen Posters (Berkeley Systems); BYTE's screen-saver program; Jurassic Park 
(Asymetrix, Bellevue, WA); Opus ’n Bill (Delrina, San Jose, CA); and the Snoopy 
Screen Saver (Image Smith, Torrance, CA). 
One ominous measure of how popular screen-saver programs have become is that 
this category has even made legal news. Berkeley Systems 
forced Toronto-based Delrina to modify its Opus 'n Bill 
screen-saver program because the company believed 
ы” + that one module in which the cartoon penguin Opus 
i shoots a flying toaster infringed on Berkeley’s 
тах copyrights and trademarks. Delrina reissued Opus 
-, п Bill with the offending sequence removed. 
—D. A. 
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The road 
warriors 77% 
weaponof me 
choice. Р 


Now with 2-MB memory! | 


The HP 100LX palmtop PC keeps 
you in touch wherever you go. 

It packs cutting-edge computing and 
communications features. All wrapped 
up ina sleek 11-ounce package. Includ- 
ing one-key access to: 


cc: Mail* Mobile, the market- 

leading e-mail software. 
Today's new card modems fit neatly 
into our PCMCIA 2.0 slot, connecting 
you to your corporate or office systems. 


Take your office with you. 

Built-in MS DOS* 5.0 means 
you can run optional PC software. 
Withthe new 2-MB memory, you can 
add even larger applications, such as 
Quicken and ACT!. 


Use the built-in applications to create 
custom databases. Ала sort through a 
list of customer billing profiles or your 
favorite restaurants. 


LEH Keep running numbers on 
the run. One touch brings up 
Lotus? 1-2-3? Rel. 2.4. You're in spread- 
sheet heaven! 

The features keep coming. Like our 


appointment book to keep you on top 
of your schedule, with week- and month- 


at-a-glance. Notetaker to capture ideas. 


Powerful analysis on the HP financial 
calculator. Flexible phone book. 


Allthis and much, much more. Now for 
much less. The 1-MB HP 100LX is just 
$549: The new 2-MB version only 9749: 


For more information and the name of 
your nearest HP 100LX dealer, call us at 
1-800-443-1254, Dept. 785! Then hit the 
road armed with all the right answers. 
U HEWLETT? 

Ж PACKARD 


U.S, kat price. tin Салада, 1-800-387-3867. cc: Mad Mobile is a trademark of сс: 
Май a wholly отте subsidiary of Lotus 
MS-DOS are U.S. regitered trademarks of 

5. 


are required 
CIRH Heeiaz- Packard Company PG 1220A 


` Doc-To-Help 
by WexTech Systems 


The World's best documentation and help- 
authoring tool just got better, and now ^ 
supports all Windows 3.1 features. New B + 
features of version 1.5 include an interac- 
tive help window editor, an interactive help 

macro editor, support for segmented / 


hypergraphics and the ability to import 40 ——— 
existing help source files and convert them 

іпіо documentation. 

List: $295 Ours: $236 FAXcciera #: 1000-1901 


WindowsMAKER “2p, 
Professional 5.0 


Next generation of the most powerful 
C/C++ Code Generator and Prototyper for 
Windows 3.1, NT & Win32s. The fastest 
way to create full-featured Windows apps. 
This product stands out, does every- 
thing—even a toolbar can be created with 
1 click! Test run your design. make changes interactively, gen- 
erate code for multiple platfonns—ANSI С, MFC, OWL, сіс.; 
widest compiler support in industry, TrueCode technology— 
user code is 100% preserved. Highly recommended! 


List: $1096 Ours: $875 БАХ сеет #: 2602-0003 


c-tree Plus* 
by FairCom 


DOS * WINDOWS е NT * UNIX е 052 * SUN 
е К56000 *. HP9000 * МАС» QNX • 
BANYAN » SCO, This well known, highly 
portable data management package has 
become established as the tool of choice for 
commercial development. Offering unprece- 
dented data control. programmers may 
choose from direct low level access, ISAM level convenience, or 
SQL access with the FairCom Server. Single User, MultiUser. or 
Client/Server, ANSI Standard. 


List: $595 Ours: $505 FAXcerera #: 1381-0008 
Call Programmer's Paradise" Italia for special pricing in Europe. 


FAIRCON/* 
since 1979 


Network C Library 3 
by Automation Software ape 


Consultants, Inc. 30, Оу 


The most comprehensive library available 
for NetWare software development, support- 
ing ali versions of advanced NetWare. Over 
450 C functions, include any features from 
аза the NetWare command line utilities and 
menu utilities in your C or BASIC programs 
for Windows or DOS. No licensing hassles. 
C Нвгагу source code available. 


List: $395 Ours: $355 


FAXcetera #: 1004-9201 


by Blue Sky Software ‘Oy, 


TNT DOS-Extender 6.0 
by Phar Lap Software 


GET NT power under 32-bit DOS! 
Microsoft Visual C++ 92-bit Edition and 
Phar Lap TNT now brings Windows NT 
power to DOS! Phar Lap’s new TNT DOS- 
Extender lets you break the 640K DOS 
barrier, build multi-megabyte DOS appli- 
cations and take advantage o£ powerful 
NT features, including threads, DLLs and multitasking! 


List: $495 Ours: $8420 FAXcetera #: 1490-0009 


PRODUCT OF THE MONTH 


Q+E Database Library 
by Q+E Software 


Q+E Database Library 2.0 streamlines 

DBMS-independent applications develop- 

ment by providing transparent access to 

major SQL апа PC DBMS from user's 

desktops with automatic support for 

ODBC & IDAPI. QELIB2 works with exist- 

ing development tools and is simply the 

best way to add complete DBMS access to applications today, 
and tomorrow! 


List: 5699 Ours: $475 FAX¢ricra #: 2625-0002 


CA-Clipper 5.2 and 
CA-Clipper/Exospace 
by Computer Associates 


Buy CA-Clipper 5.2 or the Competitive 
Upgrade; the premier Application 
Development System, and take advantage of 
CA-Clipper/Exospace, which includes virtu- 
al memory manager and allows you to run 
CA-Clipper Applications in protected mode. 


CA-Clipper Comp. Upg.: List: $199 Ours: 8149" 
CA-Clipper/Exospace: List: $ 99 Ours: $ 85 
БАХсест #: 1004-0017 

"While supplies last. 


CAClipper/ExoS pacer 


Symantec C++ 


., Professional 6.0 
=: by Symantec 
Reach new levels of programming 
power with Symantec C++ for 
Bi Windows, DOS, and Win32s. 


Breakthrough new IDDE revolution- 
izes the way you work. Includes optimizations and tools, 
OPTLink linker and Blue Sky visual tools, with MFC 2.0 and 
Win32s, and 8000 pages of documentation. 


Competitive Upgrade for Borland or Microsoft customers $188. 


List: $499 Ours: $299 
Comp. Upgrade: List: $199 Ours: $189 
FAXcetera #: 2132-0038 


SKRIBE Report Write er is ға powerful yet | 


IntegrAda for Windows __ ане 
by Aetech Inc. IntegrAda | 


А complete Ada Programming Support 
Environment (APSE) for Windows, adding 
a language sensitive editor; automatic code 
generation & error checking: interactive 
error correction; pop-up menus to com- 
pletely customize the environment to the 
standard Windows features. Allows you to 
quickly code, correct, compile, and link 
your Windows programs using Ада, Includes environment, 
libraries, validated Ada compiler, Ada Windows Libraries, 
Header Files, Resource and Help compilers, and Microsoft 
Linker. (АСУС 1.11 validation pending) No Runtime Royalties! 


==... ‚ш 


е "елен | 


List: $995 Ours: 5895 FAXceten #: 2358-0003 
WATCOM VX*REXX 5 WATCOM. 
by WATCOM Int'l Corp. VX 


WATCOM VX*RExx is an easy to use visual 
development environment for creating 
applications that leverage the capabilities of 
OS/2 2.x and exploit the Presentation 
Manager graphical user interface. VX*RExx 
combines a project management facility, 
visual designer and an interactive source- 
level debugger to deliver a very approachable and highly pro- 
ductive visual development environment. 


List: $199 Ours: 8006 FAXcetern #: 1683-0016 


*Pricing valid while supplies last. 


by SF z RIE BE , Softwe rare, Inc. 


simp ple to use report designer and 
pre ары р gene rator for us е with your < SQL 
and ODBC con mpatit ble 4 dz it abs 15 es i and - 
Excel or A AS ‘SCI files. SKRIBE Е: allows Be to crea с simple or 
complex report designs s 
no э progi 'ramr ming! 3! Easily in itegra te SK {RIB " ato youre De isting 
application or | usc eit: іл. ac ott lent Serve 'r епуігоппи ici nt 


i гі 
Windows M List: 8695 
РАХсега #: 1012-2601 


wit hr Point Ri -Click eas С. . Wi vi tr ab olutely 


E 
A ry : ыр 
Ours: $495 


MetaWare High C/C++ 
by MetaWare, Inc. 


( NEW RELEASE! High C/C++ version 3.1, 
MetaWare's 32-bit compiler is shipping. 
Includes a 32-bit source-level debugger, 
and a 32-bit Application Developer's 
Kit for Windows. The “Incremental 
Strengths” feature enables gradual 


migration from С to C++ one block at a time. High C/C++ pro- 
vides optional ANSI conformance, eight levels of global optimiza- 


tion and a full implementation of C++ templates. 
List: $795 Ours: $669 FAXcciem #: 1590-0008 
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fool for W indows & Windows 
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version аг а уісе versa. j ns Microsoft 

into a ly funciona = 
ut : n capable of Sj Authoring 
ndaws Help Ales as | easily as не эш 
| | fill In the actual help text when prompt- 
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уйре. F Full. support of all features in Windows 3.1 Help 
such | оок, secondary windows, and multiple 
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32 v9.5 - 


a profes n onal, multi- 
T nd C++ deve lopment 
supporting 32. -bit exte nded 
Win dows 3.x, 
W 1325, а а 1 AutoCAD 
he complete toolset 
and C++ ор mizing 
free | В OS exten- 
ММ. si VM Icensed components from the MS 

SDK, Ё interz E source-level debugger, linker, 

À r e ting 32-bit applications and DLLs 
-time. libraries for extended DOS. 
id | Windows NT, and more. 
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News & Views 


File Edit View Lebel Special 


12:32 PM O f 


neers ү 
DEVELOPERS ANNOUNCE E." 635 MB in disk 13:3 MB ағайын |) 


POWERPC MAC APPLICATIONS 


Apple has distributed kits for developers 
who want to write applications for System 
7 on the PowerPC. Numerous developers— 
both small and large—are announcing sup- 
port for the Mac PowerPC platform. Apple's 
PowerPC Macs will run the many current 
Mac applications, but native applications 
will feature exceptional performance, ac- 
cording to developers. For example, Fractal 
Design says its early version of Painter, when 
running native on a PowerPC, showed speed 
improvements of two to four times versus 
the Windows version of Painter running on a 
Pentium. 

Apple says that it will release its first Mac 
PowerPCs in the first half of this year, and 
sources say the first systems could ship as 
early as March 14. System 7 for the Power- 
РС is now undergoing final testing.—D. А. 


The following companies are developing native Mac applications for the PowerPC. 
Information was obtained from company announcements or independent sources. 


ACI US 4th Dimension, 4D Server 


Adobe Systems Adobe Photoshop and 
other programs 


Great Plains Dynamics 2.0 and Dynamics 
C/S+ accounting software 


HSC Software Kai's Power Tools image- 
editing application 


Insignia Solutions SoftWindows for the Mac 
with PowerPC 


Itedo Software (Germany) isoDraw 2-0 
graphics 


Aldus PageMaker, Persuasion, FreeHand, 
Digital Darkroom, Fetch, and others 


Artwork Systems (Belgium) Vectorization 
and PostScript editing applications for 
high-end labeling and packaging 
applications 

js Metrowerks (Canada) Compilers 
Microsoft Excel, Word, Works, Mail, 
Project, Schedule+, and PowerPoint 


Specular International Infini-D, BackBurner. 
and other applications 


Wolfram Research Mathematica 


WordPerfect WordPerfect, WordPerfect 
Works, and probably WordPerfect Office 


Canto Software Cumulus image database 
Claris ClarisWorks and other applications 
Deneba Canvas precision-drawing program 


Fractal Design Fractal Design Painter, 
Fractal Design PainterX2, and other 
applications 


Frame Technology FrameMaker for 
Macintosh 


Graphisoft Software Development ArchiCAD 
architectural building modeler 


CELLULAR DATA MARKET SEGMENTATION 


The first CDPD cellular-data networks were slated to be- 
gin operating in select cities early this year, and CDPD cel- 
lular carriers are currently negotiating agreements that will 
let users transparently roam from one area to another 
without dropping their connection. At press time, Mc- 
Caw Cellular Communications’ new AirData CDPD net- 
work was slated to begin operating in Las Vegas, while GTE 


Wireless Data over the 


GSM Voice Channel 


iv UNICH—For many users in Eu- 


channel of the D-net. But thanks to a spe- 


rope, mobile wireless modems are still 
a thing of the future. But an inventive 
German company called TLK Computer 
(Munich) has a modem that, in connec- 
tion with a digital mobile phone, is able 
to transmit data across Europe over a net- 
work that is currently used for voice traf- 
fic, no matter what your location. TLK's 
transmitting system works over the 
GSM-Network (Groupe Speciale Mo- 
bile), which is a digital cellular mobile 
telecommunications service. 

Initially, the D-net, which is the GSM- 
Network's digital cellular network, was 
designed for speech transmission only. 
Both telecommunications companies in 
Germany, Telekom (i.e., German PTT) 
and Mannesmann, have stated that it is 
impossible to transmit data via the voice 
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cial error-correction method and modu- 
lation scheme, TLK has achieved what 
those companies said couldn't be done. 
Due to TLK's modulation scheme, to 
transmit data over the D-channel, you 
need a TLK GSM modem on both ends 
of the connection. But it makes no dif- 
ference if the connection is established 
between a GSM phone and a regular one. 
The modems will cost about $1600. 
Presently, the modems transmit at ap- 
proximately 1000 bps. This is because 
they must share slices of time with other 
users on the D-net. TLK (+49 89 45 
85670; fax +49 89 44 86297) is investi- 
gating various compression techniques 
that it will use in the next version of the 
modem (due sometime this year). 
—Bernhard M. Bradatsch 


Mobilnet planned to take CDPD commercial in San Fran- 
cisco and Houston in the second quarter. СТЕ forecasts 
that by the end of the year, CDPD will be available in 
about five dozen metropolitan areas in the U.S. 


Emerging Wireless-Data Market Segments 


Transaction 
processing/ 
credit card 


5% 2% 


40% 


Mobile 
offica 


Field service/ 
logistics 


13% 

Corporate applications 
extension/access 

Source: McLaughlin А Associates (Schaumburg, IL), 1893 


AIRISTO 


POOR OLD MOUSE. 


Most of the time all mice ore nice and fine for pointing around. But when it 
comes to inputting graphics or logos into any application or any CAD package, 
they are hopeless. They just can't — and so you can't. No way. 


Problem? Yes and no. It depends — you may shrug your shoulders and say PROBLE M 


"Well, I'll never do CAD and | just never want to input any sketches, logos, or 
photos into my computer anyway." Or — you feel that isn't good enough after SOLVE D. 


oll the money you have invested and all the nice things you know you could 
do today with your own graphics once they were in the computer. 


Here comes the mouse that lets you input all 
your graphics as well. How?: That's what they 
all want to know, but we're not telling. Its a new 
invention. It's a universal combination of a true 
mouse and an independent manual drawing 
board that becomes a precision full-featured 
digitizer tablet once you just place the mouse 
onto the board. It's all in one or all separate 

as required. Simply unplug your poor old 
mouse, plug in our mouse and have the real all 
purpose input device to your PC always at hand. 
Аға price poor mice can afford 100. 


ARISTO College Board \ digital 


North Americo: 

ARISTO Graphic Systems 

A Division of КОНЧ-ҢООК Inc. 
100 North Street, P.O. Box 6B, 
Bloomsbury, NJ 08804 - 0068 
Tel: (800) 631 - 7646 

Fox: (908) 479-1513 


United Kingdom: Heod Office: 

ARISTO UK LIMITED ARISTO Grophic Systeme GmbH & Co. КО. 

TDS House Schnockenburgollee 117 

Теппсе Road South, Binfield 0- 22525 Homburg 

Brocknell RG12 58H (Germony) LL | М О М Б » 
Tel: (0344) 306 936 Tel: (040) 547 47-226 =ч, 

Fax: (0344) 306 936 Fox: (040) 547 47-111 Mouse, Digitizer Tablet, Drawing Board 
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News & Views 


SUPERCONDUCTIVITY 


You're Getting Warm if You're 
Thinking Cool 


М ou won't be working at a 


cryogenic workstation this year 
or next. But before the tum of 
the century, you may be. Re- 
cent advances in the field of 
cryoelectronics, which involves 
computing at very low tem- 
peratures, mean scientists can 
now evaluate superconductiv- 
ity at the relatively high tem- 
perature range of 77 K (i.e., 
—356'F) to 135 К. Previous ex- 
periments in this area involved 
working at temperatures in the 
range of 10 K to 15 К, or about 
—443'F. By the year 2000, sys- 
tems could be available that use 
the following types of HTS 
(high-temperature supercon- 
ductive) devices: semiconduc- 
tors; interconnections between 
processors, chips, and boards; 
DRAM chips; and even MCMs 
(multichip modules). 

The benefits of these HTS 
systems include increases in 
speed (10 to 100 times), re- 
ductions in power (90 percent 
or more) and reliability (due to 
their operation with little re- 
sistance). According to Joseph 
Warner, materials electronics 


engineer at the NASA Lewis 
Research Center (Cleveland, 
ОН), a refrigerator the size of 
a Coca-Cola can that can cool 
these HTS components has al- 
ready been developed for the 
space effort. 

Scientists have produced 
successful experimental (and 
some prototypical) HTS de- 
vices for signal processing, 
ADCs (A/D converters), opti- 
cal sensors, logic, and memory. 
Also, analog HTS arrays have 
been developed for microwave 
communications and telemetry 
applications. 

The U.S. government's 
ARPA has a program to devel- 
op HTS devices. Among the 
20 participating firms are Su- 
perconductor Technologies, 
Inc. (Santa Barbara, CA), Con- 
ductus (Sunnyvale, CA), and 
E-Systems (Dallas, TX). Jo- 
seph M. Madden, manager of 
applications engineering for 
STI, is one of many who be- 
lieve that an HTS computing 
environment is a must. 

“НТ$ interconnects, for ex- 
ample," Madden says, "have 


` GEEK OF THE WEEK ON TAPE 


Ever listen to one of those 5-minute-long news 
| pieces being broadcast on National Public Ra- 
dio’s All Things Considered and wish they were 
doing an in-depth story on new technology? Well, 
your wishes are answered. 

Each week, Internet Talk Radio offers a 30- 
| minute audio interview with a notable member of 
the Internet community under the tongue-In-cheek 


D name of "Geek of the Week." You can download 


this file and play it at your workstation. But if you 


| don't want to download the 45 MB or so of data that is associated with 
each interview, O'Reilly & Associates sells cassette versions of the interview 
for $9.95 each. For more information on the radio program over the Inter- 
net, send mail to info@radio.com. For information on the tapes, call O'Reil- 
ly & Associates at (800) 998-9938 or (707) 829-0515 or send mail to 


audioGora.com. 
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—D. A. 


Typical HTS MCM 


Bottom edge of Dip.onip mounted CMOS die 


HTS signal yer 


Dielectric-layer 
ground plane — 


` Ground plane ¬ 
Power plane — à 


HTS substrate — | | 


Gold Conte layer i 


Courtesy Superconductor Technologies, Inc., Santa Barbara, СА 


іп HTS MCMs, line widths In transmission lines can be very narrow (І.е., 2 microns), 
allowing a higher packing density and improved signal transmission over conventional 
MCMs. Shown here Is the module that wires multiple chips together while providing 


their ground plane and power source. 


demonstrated the ability to pass 
signals with much greater 
speed than normal metal inter- 
connects." Madden says that 
tests performed at STI on a 10- 
centimeter, 3-micron copper 
line and an HTS transmission 
line showed that the HTS line 
can operate at least twice as 
fast as an identical copper line. 

Claude Hilbert, a member of 
the technical staff at Micro- 
electronics and Computer 
Technology (Austin, TX), be- 
lieves that the gap between mi- 
croprocessor and memory is 
where we need HTS technolo- 
gy. He is close to assembling 
and testing a second-genera- 
tion HTS hybrid memory (i.e., 
fast RAM). The ultimate goal 
of his project is to create a 
monolithic hybrid chip—a 
chip with both HTS and semi- 
conductor devices—to be used 
in high-performance cryogenic 
workstations. 

As if it were not tough 
enough to develop HTS chips, 
a number of researchers are 
working on an even more chal- 
lenging undertaking—creating 
an HTS MCM. A popular 
packaging technology, an 
МСМ provides shorter inter- 
connections, high chip densi- 


ties, and improved IC system 
performance. HTS MCMs 
would magnify these benefits. 
During the first quarter of 
1993, Conductus and STI sci- 
entists demonstrated that it 
is possible to produce a hybrid 
structure combining active 
semiconductor and HTS de- 
vices on the same substrate. 
They believe that the successful 
integration of these disparate 
yet complementary technolo- 
gies paves the way for the de- 
velopment of true semicon- 
ductive-superconductive hybrid 
ICs capable of combining the 
best of both worlds. 
Although the benefits of 
HTS are eagerly awaited by 
many, not everyone sees HTS 
devices as tomorrow's tech- 
nology of choice. The technol- 
ogy has many challenges to 
overcome. Some computer 
manufacturers are skeptical that 
successful solutions will be 
reached in a timely enough 
manner to bring relief for some 
of the difficulties facing the in- 
dustry. Others have decided to 
continue using conventional 
semiconductor devices because 
of their already outstanding ca- 
pabilities. 
—Janet J. Barron 


The Genesis of the Мас 


| TOM THOMPSON 


t seems like only yesterday when 1 

bought my 128-KB Macintosh, early 

in 1984. Today, it’s hard to believe the 

| Mac is 10 years old. Insanely Great by 

Steven Levy both describes and celebrates 
the Mac's birth. 

Levy's book does a good job in two ar- 

eas. First, it presents a brief history of the 


Mac's technology roots. Much of what 
became the Mac evolved out of research 
| by Doug Engelbart and Xerox PARC's 


The Life and Times of (Palo Alto Research Center) work on 
Macintosh, the Computer | GUIs. This work was applied by Apple 


That Changed Everything engineers to the now-defunct Lisa com- 


puter. Much of what made the Lisa a good 
STEVEN LEVY machine in turn found its way into the 
Author of HACKERS Mac. 

Second, Insanely Great chronicles the personalities of the design team and the 
pressure-cooker environment under which all such teams labor. You discover that 
the Mac’s genesis was a tumultuous one. It started out as a skunk-works project 
by Jef Raskin to build a low-cost computer and was actually canceled several 
times. We get glimpses of the technical hardware wizardry of Burrell Smith, 
and of Andy Hertzfeld's and Bill Atkinson's inspired software craftwork. Of 
course, the book also documents working for the mercurial Steve Jobs, who 
took the project over after winning the political infighting with Raskin. 

While Levy does a commendable job covering the people, he goes astray with 
the technology. Perhaps in targeting a general audience, some of the technical 
points he tries to make are muddled at best. Some are downright wrong. 

For example, Levy dismisses NASA's space program because its “main ben- 
efits seem to have been Teflon, Tang, and a stack of very cool photographs." He 
credits ARPA funding with promoting the growth of software technologies that 
evolved into word processors, spreadsheets, and the like. The point he misses is 
that the space program required contractors to cram lots of electronics and ma- 
chinery into small spaces. These efforts accelerated—by a decade or more— 
the fabrication techniques used to produce microelectronics. In turn, this sired mi- 
croprocessors, RAM, and hard drives much smaller than a washing machine. 
While ARPA funds might have spawned practical software, NASA funds ulti- 
mately created the hardware that runs this software, while fitting it all on a desk- 
top and without requiring a govemment grant to own it. 

Sorry. Steven: The original LaserWriter used a 68000 processor, not a 68020. 
In documenting the start of desktop publishing, he's correct that Aldus Page- 
Maker was the crucial software component. But his mention of the Laser Writer 
seems merely coincidental to desktop publishing, not crucial to it (which it was). 
And he fails to mention the contribution of AppleTalk (now LocalTalk), a plug- 
and-play network that justified the purchase of the expensive LaserWriter for desk- 
top publishing because it allowed several people to share it. (À serious omission.) 

Insanely Great makes for great reading and documents the — 1. 
happenstance creation of one of the decade's most innova- INSANELY GREAT — — 
tive computers. However, marred as it is by technical in- 2, 
accuracies, the book is only decent, not insanely great. ІШ 


Verc PUN J R^ 
Press Жа А 


70-85244-9 | 
TAG, 

Tom Thompson, a senior technical editor ai large, specializes in 
Macintosh coverage. You can contact him on ihe Internet or BIX ai 


tom_thompson@ bix.com. 


Books & CD-ROMs 


PLANETARIUM IN A BOX 


REDSHIFT Maris Multimedia, Ltd., 
99 Monsell SL, London E1 SAX, U.K., 
444 71 488 1566; fax 444 71 702 0534, $99 


T ime and again, I’m impressed with the 
ingenuity of programmers, especially 
when they're given free reign with the huge 
amount of storage provided by a CD-ROM. 
Maris Multimedia has devised a CD-ROM 
(Mac and Windows versions are available) 
that functions as a planetarium-cum-sky chart- 
cum-sky atlas-cum-dictionary. When Red- 
shift starts, it presents you with a realistic 
map of the night sky, keyed to the computer's 
clock and date. The program uses a catalog of 
250,000 stars to accurately reproduce each 
one's color and position. Information on 
40,000 deep-sky objects is also provided. 

Clicking on a star gives you its SAO 
(Smithsonian Astrophysical Observatory) 
number, proper name, Bayer name, Flam- 
steed name, right ascension, declination, and 
a host of other information. Clicking on a 
button overlays the view with the constella- 
tions. Ап orbital mechanics engine positions 
the planets for anytime between 4000 B.C. 
and A.D. 11,000, using data from the Jet 
Propulsion Laboratory. A menu choice gives 
you access to digitized photos of the planets, 
their moons, and interesting deep-sky objects 
(e.g., the Pleiades and the Orion nebula). Hy- 
pertext links in the photo gallery connect to 
entries in the Penguin Dictionary of Astron- 
omy. À movie gallery has footage of note- 
worthy events, such as when the Lunar Ex- 
cursion Module touched down on the moon. 

One neat feature is the program's ability 
to place you in the vicinity of any planet in the 
solar system. You can zoom in or out, hang 
out around a planet's equatorial plane, or 
sweep up for a view over the polar regions. 
The 3-D planetary images are created from 
photo images returned by the Voyager space- 
craft. It's awe-inspiring to watch Jupiter's 
Great Red Spot crawl across the planet, and 
abruptly one of the moons—lo—floats across 
the scene. Redshift is a technical achieve- 
ment, serving up impressive views of the sky 
with amazing accuracy. Amateur astronomers 
will love this program. 


—Tom Thompson 
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Ever seen a grown pirate cry ? 
Just plug this in ... and watch 
MEMOPLUG™ 


The ame Software protection system based on a 
hardware i g. Contains read-write programmable 
memory. This system is practical and easy to use for 
both programmer and end-user, Supports various 
programming languages, operating systems and 
types of computers. 


U-PLUG™ . 


The premiere protection plug for UNIX systems 
that connects the standard serial port of computers 
and ры 


LANPLUG™ 


Comprehensive network 
a single plug. Тһе АМР! 


tection starts with 
g lets you operate 
protected software from (4. workstation on the 
| network, while supervising a number of 
authorized simultaneous operation applications. 


Design: Zamir studio 


CLOCKPLUG™ 


This unique Time-limited software protection system is ` 
based on a plug containing a real-time clock. It allows 

users limited execution times for leasing and demonstration 
applications. 


A password system allows you to rewind the clock by telephone 
US. office: Tel: 1 (800) 677 15 


Tet: (407) 682 1587 Fax. x: (407) 869 1409 hi 
South Africa: — LionSoft Tel: 011 640 600 EliaS 1m 
Fane: M.H.P ТАТҮ MICFOCOMPUTERS LTD 
тапсе: С.Т Tel: (1) 47 38 16 17 5 Haganim, P.O. Bax 869! 
Economic Data Tel: (34) 14422800 — Haifz 35022 ISRAEL 
Check Republic: PC Kompas Fax: (42) 2 43 11 88 Tel: 972-4-516111, Fax: 972-4-528613 


Currently looking for international distributors 
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Books & CD-ROMs 


LEGAL ADVICE 


THE SOFTWARE DEVELOPER'S AND MARKETER'S LEGAL 
COMPANION: PROTECT YOUR SOFTWARE AND YOUR BUSINESS 
by Gene K. Landy Addison-Wesley, ISBN 0-201-62276-9, $34.95 (with disk) 


f you're in business, you must be aware of certain legal re- 
quirements. The Software Developer's and Marketer's Legal 
Companion by Gene K. Landy is a step-by-step guide through the 
most frequently encountered legalities. 

Landy translates some typically terse legalese into simple, 
easily readable explanations. Each chapter covers a specific issue: 
copyrights, trade secrets, noncompete 
agreements, software development agree- 
ments, shrink-wrap licenses, trademarks, 
and more. Landy even covers situations 
such as ensuring that a potential em- 
ployee leaves his or her previous em- 
ployer properly, so no one can raise is- 
sues about stealing company secrets. The 
last third of the book (and accompanying 
disk) contains templates for drafting your 
own legal documents. 

Of course, Landy’s book will not sup- 
plant your own legal adviser. But it will 
provide you with sufficient background to create your own first- 
draft documents and to be aware of the legal implications asso- 
ciated with your agreements. 
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LAPTOP REPAIR 


MAINTAIN AND REPAIR YOUR NOTEBOOK, PALMTOP, OR PEN 
COMPUTER by Stephen J. Bigelow Windcrest/McGraw-Hill, 
ISBN 0-8306-4455-5, $18.95 


epairing small computers is not a task for the fainthearted. 
The electronics are highly integrated and tightly packed 
within the case. Expensive tools are often required to troubleshoot 
the problem and perform the repair. Yet, you can easily diag- 
nose and fix many problems yourself 
with just a few common tools. 
Maintain and Repair Your Note- 
book, Palmtop, or Pen Computer cov- 
ers both the hard and easy problems in 
a clear, methodical manner. With nerve 
and a well-stocked workshop, you can 
avoid calling for help in many cases. 
The author takes you as far as you want 
to go and doesn't hesitate to tell you 
when you should get professional help. 
What I found even more valuable 
than the repair tips, however, was the excellent material on how 
components of small computers work—everything from batter- 
ies to storage devices to mice. As a reference alone, this book is 
worth the $18.95 price. 8i 


Haintain and 
Repair Your 
Notebook, Palmtop, | 
or Pen Сопруга 


—Michael Nadeau 
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“You asked for a powerful and affordable 


tool to develop 


Developers and project teams looking 
for a CASE-based tool for client 
server application development will find 
the answer in System Architect" 3.0. 
This latest version of the CASE 
price/performance leader includes 
the features of expensive tools for a 
fraction of the cost. 


System Architect 3.0. 


SA 3.0 simplifies the development of 
client/server applications by support- 
ing multiple methodologies including 
Information Engineering, Gane & 
Sarson, Yourdon, IDEF, OOA&D, 
SSADM ТУ, Shlaer/Mellor, and 
Ward & Mellor. It also features an 
integrated data repository you can 
customize. And it runs under MS 
Windows® or ІВМ” О5/2 РМ.” 


Flexibility And 

Functionality. 
The ideal combination of flexibility and func- 

tionality has made SA the undisputed 

price/performance leader. As the needs 
- of developers have changed, so has the 
WINDOWS. scope of SA's features and options: 

SA Screen Painter: Allows repository- 
based development of GUI screens and menus 
or character-based screens. 

SA Object-Oriented Version: Supports 
Booch 91 апа Coad/Yourdon. 

SA Reverse Data Engineer: Reverse engi- 
neers SQL databases, including SQL Server, 
SYBASE, DB2, Informix, and Oracle. 

SA Schema Generator: Generates DDL 
and SQL triggers from entity models for 
Oracle, Informix, Ingres, PROGRESS, 
Paradox, dBASE IIL DB2, SQL Server, 
SYBASE, and other SQL and 4GL databases. 

SA Project Documentation Facility: 
Enables the automatic generation of 
= —Á e deliverables 
€ mul with desk- 
- top publish- 
ing quality 
from SA 
Encydopedia. 
4 Paint GUT 
screens from 


4 data in 
S repository. 


аала а. 


L4 
әк 
“27 7 


++ 
.. ... 
Reasaus 
11313137 


"mm 
ibi 


ел 22 "Б takake 
ао. 317 (101 


client/server a 
why I developed System 


Choose Your Development 
Environment. 


SA/PowerBuilder Link: Allows the 
exchange of design information between SA 
and PowerBuilder for the development of 
more robust client/server applications. 

SA/SQL Windows Link: Works with 
Gupta’s SQL Windows. 


S A REPOS TORY 


--- i» SA REVERSE DATA ENGINEER 


ТЕ T ES ИГ 


Put Your Project Team In 


A Class Of Its Own. 
System Architect 3.0 makes your project team 
more productive with a range of capabilities 
including: 

Network Version: Allows multiple team mem- 
bers to work concurrently on a project while 


pplications. 


Architect 9.0.7 some 


IRN RS (HE 


That's 


sharing the SA Repository by locking diagram 
and data dictionary records. 

Network Security: Allows Project Managers 
to uniquely identify and classify personnel with 
appropriate levels of authorization. 

Access Control: Allows team members to 
check-out, check-in, or freeze encyclopedia 
objects with defined authorization. 

Version Control Allows project encyclope- 
dias, and their related files, to be saved and stored 
with appropriate version-identifying data. 
(Available in version 3.1) 


Call Us Today At 


800-REAL-CASE, X158. 


To find out how to qualify for your free 
30-day evaluation copy, call us today, or fax 
us at 212-571-3436. 


SYSTEM PIN. 
ARCHITECT DN. 


Popkin Software & Systems, Inc., 
11 Park Place, New York, NY 10007 


England 44-926-881 186; Benelux 31-3406-65530; 
Germany 49-6151-82077; Italy 39-49-8700366; 
Switzerland 41-61-6922666; Denmark 4545-823200; 
Australia 61-02-346499; Sweden 46-8-626-8100; 
Ekewhere 1-212-571-3434 


© 1994 Popkin Software & Systems, Inc. The System Architect logo is a trademark of Popkin Software & Systems, Inc. All osher brand and product names are trademarks or reginered trademarks of their rcapective holders. 
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5М425С 

е 4865Х, 25 MHz, 
SL-Enhanced F 

e 4MB RAM 3 

e 170MB hard disk 

e 78" STN color screen 

e 1 PCMCIA slot, Type II .. 

e 86-key keyboard . 

• Integrated 16mm trackball 

e Suspend/Resume 


e MS-DOS® 6,0; Windows™ 31 


e Slip case" 
e 4 Ibs, Including battery 
$1,899 


(Monochrome models available at 


~" $1,399. With external 3.5" 1.44MB 


diskette drive, add $99.) 


N450C 
е 486DX2, 50 MHz 
e АМВ RAM 
e 3.5" 144MB diskette drive 
* 200MB hard disk 
e 9.5" STN Gual-scan 
color screen 
° 1 PCMCIA slot, Type III 
е 86-кеу keyboard 
e Integrated 16mm trackball 
е MS-DOS 6.0, Windows 3.1 
* Carrying case 
e 6.6 Ibs, including battery 


$2,699 


N450T 

e 4B6DX2, 50 MHz 

* 8MB RAM 

e 35" 144MB diskette drive 

e 200MB hard disk 

e 9.5" TFT active matrix 
color screen 

e 1 PCMCIA slot, Type III 

* 86-key keyboard 

e Integrated 16mm trackball 

s MS-DOS 6.0, Windows 3.1 

e Carrying case 

e 6.6 Ibs, including battery 


$3,999 
SLIMLINES 


S450DX 
e 4B6DX2, 50 MHz 
* 4MB RAM 
e 128KB processor cache 
* 3.5" 144MB diskette drive 
г 340MB hard disk 
е 3 ISA slots (2 VESA 
on local bus) 
e 3 drive bays 
e Windows accelerator, 
1MB video memory 
e 14" SVGA color monitor, LR 
e MS-DOS 6.0, Windows 3.1 
е Mouse 


$1,699 


For the LIGHTEST to the LATEST 


in computing. call AMBRA* 


We've got it all for you. for LESS! 


D466BL 
° 486 Blue Lightning,” 
66 MHz 
* Upgradeable to Intel® 
Pentium" technology 
e 4MB RAM 
e 256KB processor cache 
* 35" 1.44MB diskette drive 
e 340MB hard disk 
* Onboard SCSI 


e 5 16-bit ISA slots 
(2 VESA on local bus) 
* 5 drive bays 
а Windows accelerator, 
1MB video memory 


e 15" Flat Square color 
monitor, LR, NI 


* Network-ready 
(Ethernet 10BaseT) 


e MS-DOS 6.0, Windows 31 
* Mouse 


D466DXA 

e 486DX2, 66 MHz 

e 8MB RAM 

e 12ВКВ processor cache 

e 3.5" 1.44MB diskette drive 

e 440MB hard disk 

e 5 ISA slots 

e 5 drive bays 

e Windows accelerator, 
1MB video memory 

e 2X CD-ROM drive 


e 15" Flat Square color 
monitor, LR, NI 


e MS-DOS 6.0, Windows 31 
* Mouse 


$2,439 


Free customization. 


D466DXA 

e 486DX2, 66 MHz 

e SMB RAM 

e 128KB processor cache 

° 35" 144MB diskette drive 

e 440MB hard disk 

e 5 |SA slots 

ә 5 drive bays 

e Windows accelerator, 
1MB video memory 

e 2X CD-ROM drive 


e 17" Flat Square 
color monitor, 
LR, NI 


e MS-DOS 60, 
Windows 3.1 


* Mouse 


$2,769 


аа 


DP60/PCI 
e intel Pentium processor, 
60 MHz 


е 64-bit data path 

e SMB RAM 

e 256КВ processor cache 
e 3.5" 1.44MB diskette drive 
e 340MB hard disk 


* 4 |SA, 2 PCI, 
1 РСИЅА slot 


e 6 drive bays 


е PC] graphics accelerator, 
2MB DRAM 


e 15” Flat Square color 
monitor, LR, NI 


e» MS-DOS 6.0, Windows 3.1 
e Mouse 


$2,889 


DP60/PCI 
e Intel Pentium processor, 
60 MHz 


° 64-bit data path 

° 16MB RAM 

e 256KB processor cache 
e 3.5" 144MB diskette drive 
е 440MB hard disk 


e 4 ISA, 2 PCI, | 
1 PCI/ISA slot бр. 
e 6 drive bays plus... 
accelerator, 
2MB DRAM 


* 2X CD-ROM drive 


e 17" Flat Square color 
monitor, LR, NI 


e MS-DOS 6.0, Windows 3.1 
e Mouse 


$4,140 


AMBRA custom-configures to your exact specs — with no extra service charge and no delay. 


Firm confidence. 

Each AMBRA comes with a 30-day money-back guarantee and a one-year limited warranty. 
Optional IBM9 one-year onsite warranty and Executive warranty (for mobile systems) also 
available! With every warranty, you can rely on toll-free technical support around the clock. 


Full convenience. 

To place an order or get more information, just call — weekdays 8 am to 11 pm, 
weekends 10 am to 7 pm (ET). We accept Visa® MasterCard® Discover® and 
American Express? — as well as purchase orders from qualifying businesses. 
Pick up the phone today! 


77% 
AMBRA 


In Canada? call 1-800-363-0066, Ext, 5740 


- B 


t Ш. £3 qd 7o og t 74 0 


1 Please сай for detajts regarding AMBRA's money-beck guarantee and limited warranty, ІВМ onsite warranty and Executive warranty. Retum shipping and insurance charges are the responsibility ol ће customer, Onsite service may not be availabte in 


certain locations. 


Offerings may differ in Canada. 


©1994 AMBRA Computer Corporation. AMBRA is a trademark of ICPI Ltd. and used under ficense therefrom. Тһе AMBRA logo and logotype are trademarks of AMBRA Computer Corporalion. ІВМ is a registered trademark and Blue Lightning is a 
trademark of International Business Machines Corporation. MS-DOS is a registered trademark and Windows 15 a trademark of Microsolt Corporation. Intet is a registered trademark and Pentium is a trademark of intel Corporation. All other product 
names аге trademarks ог registered trademarks ol theis respective suppliers. Offerings, prices and products аге subject to change without prior notice. Prices do not include shipping. 


even years of experience in developing powerful SCSI software, a commitment to our 
customers’ needs and our all-in-one philosophy have made us a leader in SCSI software 
products. By listening to your needs, we have created a complete solution that has the 
power to meet the demands of MIS managers now and in the future. New CorelSCSI Network 
Manager is the best way to connect CD-ROM, WORM, rewritable and multifunction optical 
drives and jukeboxes to your NetWare file server, and features: 
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High Performance CD-ROM Server Software М7 ^ Advanced Jukebox Support 


CorelSCSI Network Manager includes 
optimized CD-ROM Server software with 
caching to give industry-leading performance. 
Also includes support for multi-session and 
Kodak Photo CD formats, as well as device 
drivers for the Pioneer multi-disc unit. 


i 


4 1 [ y | 
RAID Levels 4 and 5 Software 


CorelSCSI Network Manager also includes 
CorelRAID;" which allows users to customize 
RAID level 4 and 5 arrays with any supported 
ASPI-compatible SCSI controller(s) and 3 or 
more SCSI 
hard drives. 
Status screens 
allow the 
system 
administrator 
to easily 
troubleshoot any potential problems. 
CorelRAID lets users build arrays that 
provide high fault tolerance while improving 
performance. With CorelRAID there is no 
down time. By using hot-swap or hot-standby 
features, server down- ' ru 
time is eliminated. Е EP B Bi 


The Software Soinziaa for [мша Secunty ! 


CorelSCSI works with hundreds of 
leading manufacturers" SCSI devices. 
Corel ensures this with our in-house 
CorelSCSI Product Certification 
Program. Our listing of supported 
devices is updated monthly and is 
available through our fax back system, 
BBS, and customer service department. 


cone. SCSI 


APPROVED 
PRODUCT 


For upgrade information or to order, call Core: ext 28 


1 


OEM Sales (613) 728-0826 ext. 1051 
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Users will find increased storage capacities 
and enhanced performance as CorelSCSI 

Network Manager transparently integrates 
optical jukeboxes with NetWare file servers. 
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Compatible with Leading Host Adapters 
CorelSCSI Network Manager includes ASPI 
Managers for Always Technology, Future 
Domain, and DPT, and supports a variety of 
host adapters including various models from: 
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The Macintosh at 10 


Regarded initially 

as a “toy,” it’s obvious 
today that the Mac 
changed the direction 
of computing for the 
better 


TOM THOMPSON 


his month marks the tenth 
anniversary of the Apple 
Macintosh line. Although 
few took it seriously during 
the early years, in many ways the Mac 
defined what a desktop computer 
should be. Apple pioneered many con- 
cepts that users now take for granted. 

The ideas of cut-and-paste, undo, point-and-shoot menu se- 
lection, picking the best typeface for a document, dropping a 
graphic into a page, and other common operations were first 
promoted by the Mac 10 years ago. While many of these ideas 
drew on work done at Xerox PARC (Palo Alto Research Center), 
Apple refined and populanzed them. The Mac also ushered in new 
technologies and new expectations that go beyond ease of use, 
such as plug-and-play expansion boards and networks, remote ac- 
cess, and 24-bit color editing and printing. 

The Mac’s trendsetting days are not over. Today, the AV- 
series Macs are the first mainstream desktop systems to offer 
video capability and voice control as standard equipment. The 
PowerBook line of notebooks brings a new level of usability to 
portable computing. And Apple continues to be a driving inno- 
vative force in building systems for the graphic arts. 

Today Apple is at a crossroads. It is in the process of moving 
the Mac from its traditional Motorola 680x0 processor to the 
new PowerPC that the company codeveloped with IBM and Mo- 
torola. Apple is also a pioneer in the emerging PDA (personal dig- 
ital assistant) category with its Newton line. So now 15 a good time 
to look back at the Macintosh milestones and place their signif- 
icance in perspective. 


Descended from Lisa 

In 1983, Apple introduced the Lisa, its successor to the compa- 
ny’s aging Apple II line. The Lisa’s most innovative aspect was 
its GUI-based operating system, with windows, icons, and menus. 
The system’s consistent interface with data-as-a-concrete-object 
metaphor promised ease of use for the office worker. However, 
its hefty price tag of $10,000 was hard to handle. 

A year later, Apple brought out the Macintosh. It was smaller, 
faster, and—most important—cost $2495. It borrowed a lot from 
the Lisa, including the GUI and mouse. The Lisa was discontin- 
ued in 1985, but its influence lives on inside the Mac, which has 
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The original Macintosh design team. Left to right: Andy Hertzfeld, Chris Espinosa, Joanna 
Hoffman, George Crowe, Bill Atkinson, and Jerry Manock. The Mac's high-quality WYSIWYG 
output was possible because everything on-screen—inciuding text—was a hit-mapped graphic. 


gone from a small closed system to a variety of forms: tower 
systems, small desktop units, and notebooks. Most PCs sold to- 
day offer a mouse and run Windows—a tacit approval of the 
concept of a consistent, user-friendly interface that the Lisa and 
the Mac pioneered. 

Compared with other personal computers of its time, the orig- 
inal Mac was a bit anemic in some ways while excelling in oth- 
ers. For example, few personal computers offered even one built- 
in serial port, yet the Mac had two of them. More significant 
was how Apple made use of the system ROMs. The Mac's ROMs 
were downright massive compared to those of other personal 
computers. While the IBM XT had 48-KB ROMS, they con- 
tained mostly BASIC. Much of the Mac ROM code came from 
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A the Lisa and 
A was distilled 
down into 
| tight assem- 
bly code by Bill At- 
kinson (who wrote the Lisa’s 
graphics engine) and Andy Hertzfeld. 

These ROMs supplied an array of rou- 
tines known as the Mac Toolbox. Relat- 
ed Toolbox routines were collected into 
groups called Managers, such as Quick- 
Draw (the graphics engine), the Device 
Manager (which dealt with hardware at a 
high level), the Window Manager, the 
Menu Manager, and the Font Manager. 
These Managers supplied hardware-inde- 
pendent functions that programmers used 
to communicate with devices, create win- 
dows, handle a menu selection, change a 
font, or establish a network session. 

In short, the Mac Toolbox defined an 
API years before the term was coined. 
Nowadays, programmers are familiar with 
an army of competing APIs: Windows, 
NextStep, and Motif. However, the Mac 
does a better job of integrating the vari- 
ous services, such as memory and print- 
ers, and it places most of the API in ROM. 
There the Mac API makes fewer demands 
on memory and disk space. However, its 
entry points are located in RAM, so that 
RAM patches can fix bugs or enhance cer- 
tain services in the API. 

In retrospect, the 128 KB of RAM was 
inadequate for the memory-intensive GUI. 
It was assumed that since Mac applica- 
tions would be making heavy use of the 
ROM:-based Toolbox, less RAM would 
be needed for actual user code. To make 
the best use of the limited memory, a 
Memory Manager could load or purge sec- 
tions of program code on demand. This 
had important consequences for both pro- 
grammers and users. 

For the Mac programmer, it meant that 
code had to be written using PC-relative 
addresses. That's because the Memory 
Manager might reload the code into dif- 
ferent areas of RAM. On the 68000 proces- 
sor, PC-relative displacements were re- 
stricted to 15 bits (the 16th bit was a sign 
bit, used to determine the direction of the 
jump), so these chunks of code—called 
code segments—were limited to 32 KB. 


48 BYTE FEBRUARY 1994 


1984: The first Macintosh borrows the 
Lisa's mouse and GUI. Other features 
included a 7.83-MHz 68000 processor, 
a single-sided 34-inch floppy drive that 
could hold 400 KB of data, 64-KB 
ROMs, and 128 KB of RAM. Price was 


The Memory Manager 
might also shuffle crucial 
data structures around in 
memory to make an open- 
ing for a code segment. 

The proper way to ad- 
dress these structures Was 
through handles. Pro- 
grammers who, for per- 
formance reasons, used 
these handles just to set up pointers to these 
data structures got a rude surprise when 
the Memory Manager, going about its du- 
ties, rendered the pointer useless by relo- 
cating the data structure elsewhere. For 
programmers used to the absolute ad- 
dressing schemes of earlier personal com- 
puters, this sort of behavior was madden- 
ing. It didn’t help that you had to learn 
about an event-driven interface that let the 
user do anything in any order, or that you 
needed a Lisa to develop code. 

The use of PC-relative code design was 
prescient, since it allows applications to 
function in a multitasking or virtual mem- 
ory environment. The 15-bit branch dis- 
placement limit was expanded to 32 bits in 
the 680x0 processors; this simplifies code 
design unless the application has to run on 
the older 68000 Macs. And the Mac has a 
wide variety of native development tools, 
with languages from BASIC to C to Forth. 
Several vendors offer tools with visual pro- 
gramming interfaces, such as Mainstay's 
Visual C, Zedcor's Future 
Basic, and Prograph Inter- 
nationals’ Prograph. | 

Users eventually saw a 
silver lining, too. The com- 
bination of the Memory 
Manager and PC-relative 
code enables the Mac envi- 
ronment to run efficiently 
in far less memory than | 
Windows needs. 

One side note on the 
original design is that Apple 
used the top 2 bits of the 
68000 processor's 24-bit 
address lines as chip selects 
for RAM. ROM, 1/0, and 
the floppy drive subsys- 
tems. This trick partitioned 
the Mac's 16-MB address 
space into four sections: 
The lower 4 MB was for 
RAM addresses, the next 4 
MB was for ROM address- 
es, the next 4 MB was for 
I/O hardware, and so on. 
Therefore, the ROMs were 
located just above 4 MB. 
This location blocked mem- 
ory expansion beyond 4 


MB in the Mac Plus and Mac SE. How- 
ever, for roughly the same reasons, the PC 
design suffered the same problem. The 
PC's ROM, I/O, and video memory were 
mapped into the upper 384 KB of the Intel 
8088's 1-MB address space, so that avail- 
able RAM topped out at 640 KB. This cre- 
ated the *640-KB barrier" that plagued PC 
software design for years. 


Networking 

In January 1985, Apple introduced the 
Macintosh Office. This consisted of a low- 
cost LAN and a LaserWriter laser print- 
er. At $6995, the LaserWriter cost more 
than several Macs, but its price was a lot 
better than the $50,000 commanded by 
commercial laser printers at the time. The 
AppleTalk LAN allowed you to justify 
such a printer because you could easily 
share it among several Macs. 

This 203.4-Kbps LAN was later re- 
named LocalTalk, and its strength was that 
it used low-cost components and featured 
a plug-and-play setup—necessary since 
the Mac was a closed system. You sim- 
ply plugged the network connectors into 
each Mac's printer port and into a Laser- 
Writer, ran cable between the connectors, 
and you were done. LocalTalk used a 
CSMA/CA scheme to attach and map the 
computers into the network. The network 
connectors were self-terminating, so you 
could add or remove Macs from the setup 


Famous Mac Firsts 
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Chris Espinosa: “Apple would have | 
been caught i ina bruising price war in 
1987 instead of in 1992 if we'd һауе 


| licensed the ROMs freely. We would 
и have had to cut our margins and 


expenses earlier and wouldn't have 

been able to fund a lot of development 
that brought us to where we are today—such as System 7, 
the Powerbooks, and the AV technology." у і 


without bringing the network down. 

Apple further refined the plug-and-play 
network concept in 1991 with the intro- 
duction of self-terminating Ethernet mod- 
ules for thick, thin, and 10Base-T cables. In 
many cases, you could set up a high-speed 
Ethernet network for an office of Macs in 
minutes, without getting involved with 
hardware configuration or IP addresses. 
Also, System 7’s built-in peer-to-peer net- 
working services meant you could create 
workgroups instantly by setting passwords 
and access privileges with a few clicks in 
a Control Panel on each Мас. 

While plug-and-play is touted as the 
Next Big Thing in the PC world, the Mac 
embraced the concept as its basic design 
philosophy and has been providing it to 
users for years. This is evident in the Mac’s 
networking services and in other areas. 


The Genesis of Desktop Publishing 

In early 1985, many people considered the 
Mac a curiosity. Jt was easy to use, but 
otherwise it offered no compelling advan- 
tage over a faster, if arcane, PC, That atti- 
tude changed in the summer with the ar- 
rival of Aldus PageMaker. It was the first 
successful page-layout program, and it let 
you quickly flow text and add graphics to 
“virtual pasteboards” for designing a news- 
letter. Furthermore, it let you do this with- 
out rocket science or knowing too much of 
the conventional production details. 

The troika of PageMaker, an easy-to- 
connect LAN, and a shareable laser print- 
er that could churn out camera-ready copy 
suitable for newsletters and other low-cost 
publications gave the Mac a unique capa- 
bility. There were workstations that could 
manage the same feat, but not with the 
Mac’s ease of use and penchant for visual 
fidelity between the screen and output. 

The Mac was hardly two years old when 
it gave birth to desktop publishing. Today, 
DTP is a huge, multimillion-dollar indus- 
try, no longer limited to newsletters. News- 
papers rely on it to add late-breaking news 
to their front pages. Magazines use DTP to 


expedite the cre- 
ation of the mag- 
azine, dropping 
in text, artwork, 
and scanned im- 
ages from a med- 
ley of sources. 


A SCSI Pioneer 
The Mac Plus, 
introduced in Jan- 
uary 1986, was 
the first personal 
computer to pro- 
vide embedded 
SCSI. However, Apple goofed in its SCSI 
driver implementation. In a SCSI transac- 
tion, an initiator (usually the computer) is- 
sues а request to a target SCSI device. The 
target then issues subsequent SCSI com- 
mands to the initiator, completing the ini- 
tiator's request. In other words, the target 
drives the transaction. Apple got it back- 
ward, having the initiator drive the trans- 
action. This caused problems with early 
SCSI peripherals, but Apple can be ex- 
cused as a pioneer here: SCSI itself wasn't 
formally adopted as an ANSI standard un- 
til June 1986. It didn't help that third-par- 
ty vendors had different interpretations of 
the standard. 

SCSI's high-speed interface and sim- 
ple-to-configure design 
made it a natural fit to Ap- 
ple's plug-and-play phi- 
losophy. Despite initial 
problems during 1986, the 
Mac's SCSI capability fos- 
tered development of easy- 
to-connect SCSI peripher- 
als, such as third-party hard 
drives and scanners. The 
Mac is responsible for the 
wide acceptance of SCSI 
in the computer 
industry today, in | 
part because it 
proved SCSI's ver- 
satility as a low- 
cost peripheral ex- 
pansion bus, but 
also because other 
computer vendors 
wanted to tap into 
the ready-made 
market of Mac 
SCSI peripherals. 
Today, SCSI per- 
vades the industry, 
serving as a pe- 
ripheral bus for 
PCs and worksta- 
tions. Many hard 
drives and CD-ROM 
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drives use SCSI because it allows them to 
connect to any hardware platform. 


Bringing Color to the Desktop 

In 1987, Apple both boosted the power of 
the Mac and discarded the closed-system 
concept with the introduction of the Mac II 
and Mac SE. The Mac II featured 256-KB 
ROMs that added more text-handling ca- 
pabilities, plug-and-play configuration soft- 
ware for the NuBus boards called the Slot 
Manager, and Color QuickDraw. Sudden- 
ly, the Mac became respectable: Storage 
problems were a nonissue due to internal or 
external SCSI drives; you could expand 
the systems easily using plug-in boards; 
and the Mac II’s color capabilities easily 
blew away those of existing PCs. 

The Mac II fostered the growth of color- 
output devices, since many users wanted 
to get on paper what they saw on their 
screens. Within a year, QMS provided a 
desktop solution with the ColorScript 100, 
a PostScript-clone thermal-wax color print- 
er. It was a tad pricey, but for some com- 
panies the printer could pay for itself in a 
year by eliminating the costly errors that 
occurred when complex color files were 
sent to a typesetting service. 

The stampede of color printers that fol- 
lowed—ranging from high-end PostScript 
printers to low-cost ink-jets—expanded 


1987: The Mac Il used an intemal SCSI hard drive, а 16-MHz 
68020 processor, and a 68881 FPU as standard equipment. It 
had eight SIMM sockets that allowed RAM expansion to 128 MB. 
It also had six NuBus slots for expansion boards. А Mac Il with 
a 40-MB hard drive cost $5498. Tw Mac эс Че сене 
pact form of the original Mac but added [а-а т" 

a SCSI hard drive and an SENS slot 
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1988: Apple migrated the Mac to the 68030 processor, by 
introducing first the Mac lix ($7769) and then, in January 
1989, the Mac SE/30 ($4369). These com- 
. i puters featured the SuperDrive, a high- 
ME | density (1.44-MB) floppy drive that could 
read and write DOS or 0S/2 floppy disks, 
and a 68882 FPU. Owners of Mac lis and 
SEs could up- 
grade to the new 
machines with a 
floppy drive and 
main logic board 
swap. 
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the Mac's z; ability to кат, color in DTP 
output and helped make the Mac a seri- 
ous replacement for the artist’s traditional 
palette and paint. It helped that the Mac’s 
plug-and-play Slot Manager made adding 
expansion boards a snap. Most profes- 
sional artists liked the Mac’s set-up-and-go 
design, since they would rather start draw- 
ing than try to figure out how to set up a 
high-resolution board’s jumpers for a PC. 
And if their monitor proved too small for 
their work, they could expand the total 
screen size by simply plugging in another 
display board and monitor. 


Software Strides 

The original Mac could use 128 KB of 
RAM because as the software engineers 
moved Lisa software components to the 
Mac, they stripped out the multitasking 
features. Only one application ran at a time 
on the Mac, except for Desk Accessories, 
small “applets” that ran concurrently be- 
cause they masqueraded as drivers. How- 
ever, as memory became more plentiful, 
the multitasking issue resurfaced. 

The answer was MultiFinder, written 
by Erich Ringewald and Phil Goldman. 
This ingenious bit of software provided 
cooperative multitasking by patching cer- 
tain Toolbox routines in the Mac OS, and 
the MultiFinder application managed load- 
ing and context switching of applications. 

The reasons MultiFinder worked at all 


MultiFinder took notice of 
this and preserved certain 
non-reentrant system glob- 
als used to maintain the ap- 
plication's environment. 
These values were restored 
when control returned to the 
application. Finally, the 
same PC-relative code that 
initially gave programmers 
fits meant an application 
could be loaded anywhere 
in memory and still run. 
The icing on the cake 
was that MultiFinder retro- 
fitted this capability on ex- 
isting Macs back to the Mac 
Plus—no additional hardware was required 
other than a minimum of 2 MB of RAM. 
While numerous GUIs for PCs and work- 
stations have appeared since then, none 
offers the seamless level of integration for 
copying information between applications 


1989: The Mac SE/30 was the first high- 
performance compact Mac design. It had a 
16-MHz 68030 processor and a 68882 FPU. 
Because the screen display used separate 
VRAM rather than main memory as in the 
original design, bet- 
ter bus throughput 
was achieved. 


and the easy ability 
to select system re- 
sources such as net- 
worked printers. 


HyperCard: 
GUI Programming for the Masses 

The Mac was hard to program. Bill Atkin- 
son crafted HyperCard, which he called 
“а software erector set," to eliminate this 
hurdle. It implemented a card-stack meta- 
phor that enabled users to browse through 
and manipulate information. HyperCard 
provided a set of built-in editing tools and 


1989: тһе Мас Ісі, Appte's first 25-MHz 
68030-based computer, featured built-in video. 
It cost $6969 with a 40-MB hard drive and used 
512-KB ROMs that were “32-bit clean" (l.e., the 


a natural-language programming script 
called HyperTalk. With these tools and 
HyperTalk, the average user could collect, 
organize, and store information in Spe 
Card stacks in any fashion. 

HyperCard and MultiFinder were in- 
troduced in August 1987 and were bun- 
dled with every Mac shipped. In a demon- 
stration of its robust design, HyperCard 
was used to operate information kiosks 
that supplied show information. It intro- 
duced ease-of-programming to the aver- 
age Mac user and promoted to computer 
users the concept of hypertext links. Now- 
adays, computer users understand that 
phrases that stand out in a document (per- 
haps by being in a different color or un- 
derlined) serve as a hypertext link to ad- 
ditional information. HyperCard educated 
the user on this "intuitive" concept. 


32-Bit QuickDraw Arrives 

For folks doing serious image and graph- 
ics work, the 256 colors displayed by Col- 
or QuickDraw's 8-bit color were simply 
inadequate. Clever display-board vendors 
such as SuperMac Technologies managed 
to coerce 24-bit data onto the screen by 
successively assembling an image's three- 
color components in a display board's 
frame buffer. 

Apple came out with a revised 
version of Color QuickDraw in 
April 1989. Called 32-Bit Quick- 
Draw, it was a patch file that retro- 
actively implemented 24-bit color 
capabilities on existing color Macs. 
(The 32-Bit term in the name came 
about because pixel data was stored 
as 32 bits even though only 24 of 
them actually contained color in- 

` formation.) It also let you switch 
on the fly between 24-bit color (millions of 
hues), which is suitable for photo-realistic 
editing, to 16-bit color (thousands of hues), 
suitable for handling digital video for mul- 
timedia. This lets you pick the screen depth 


code was designed to operate in a new 32-bit 
address space, although it could also operate in | 
the old 24-bit address mode for software com- 
patibility). This ROM code has become the “uni-. 
versal ROM” code used in every 68030-/68040- 
based Mac since then. 


are several-fold: First, because Mac ap- 
plications frequently called the Toolbox 
event handlers, these handlers served as 
doorways by which the thread of execution 
could be passed to other applications. Sec- 
ond, as execution moved to another ap- 
plication via the modified event handler, 
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POWER SUPPLIES 


“The premier power-supply maker” 
John Dvorak, PC Magazine, March 30, 1993 
“The only company to go to for a power supply” 
Jerry Pournelle, Byte, April 1993 
STANDARD UNITS 


These UL/CSA approved, fully tested power 
supplies are the best basic units available. 


HEEE 


STANDARD 205 SLIM ... өөө 989 
STANDARD 220 DESK/TOWER.... — $89 
ULTRA-QUIET UNITS 

Unrattle your nerves with 

МНИ). a ultra-quiet Silencer 
. power supply. Appreciated 
,, Dy users since 1986, their 

w high-efficiency fans and 


low-turbulence circuitry 

reduce noise by up to 84%! 
A must for home office or multimedia applications. 
SILENCER 205 SLIM ........................... $119 
SILENCER 220 DESK/TOWER .......... $129 
SILENCER 270 DESK/TOWER ......... $179 


ORDINARY SILENCER 
POWER SUPPLY POWER SUPPLY 


HIGH-PERFORMANCE UNITS 


Upgrade your computer with one of our premium 
Turbo-Cool power supplies—the choice of PC 
professionals. You'll get 50% - 100% more power, 


SOLID-STEEL CASES 


Give your computer a 
professional, high-tech 
look with one of our 
premium-quality, 
USA-made, all-steel 
cases. They re rigid— 
unlike light-weight 
imports—so the РС% 
Y components are always 

properly aligned and grounded. 
You! enjoy easy system access, andwith room for 
up to 18 drives, there’s real expandability! 


Desktop Tower Monster 
Exposed Drive Bays: $ 6 13 
Total Drive Bays: 7 8 18 
Motherboard Capacity: | 1 2 
Power Supply Capacity: | | 2 
Cooling Fan Capacity: 2 3 6 
Filtered Air Inlet: Yes Yes Yes 
Lockable Front Door: Yes No Yes 
Beige or Black Finish: Yes Yes Yes 
Meets FCC-B Specs Yes Yes Yes 


Made in USA Yes Yes Yes 
SOLID-STEEL DESKTOP CASE......... $175 
SOLID-STEEL TOWER CASE ............ $295 
SOLID-STEEL MONSTER CASE ........ $895 


REDUNDANT POWER 


Eliminate the risk of network downtime or data loss 
due to power supply failure with the TwinPower 900 
redundant power system. It delivers high-capacity, 
fault-tolerant power to your entire network server. 
Consists of two Turbo-Cool 450 power supplies 
in parallel, utilizing a special power-management 
interface module. A must for mission critical CLANS 


Power Packed = orades. 


OVER-TEMP ALARM 


Don't wait for the acrid smell of 
burnt components! With our 
new 110 Alert, you'll know а 
if your PC is overheating All 
before damage occurs, | 
Should the computer's “ҰЗЫН 
temperature reach 110%, a loud | 
alarm warns you that a fan has failed or that the 
cooling system is inadequate to handle that extra 
hard drive or other peripheral you may have added. 
Compatible with any computer, the inexpensive 
110 Alert is compact, easy to install, and so reliable, 
it carries a lifetime warranty. 

ИДИШ — — $29 


It’s a fact. 486 chips run hot, often exceeding 185%" 
Now, you can cool your 486 to a safe 85°-95°F with 
our popular CPU-Cool. It prevents random system 
errors and other heat-related problems. Consists of 
а mini-fan embedded in a die-cast heat sink that 
easily mounts on the CPU. Powered by a spare 
drive connector. Effective, inexpensive insurance! 

= cools CPU 70° - 100% 


CFU TEMP 
built-in line conditioning, super-tight regulation, ж 900 watts peak power в prevents system errors Ж = 
ultra-clean output, a high-capacity cooling fan, m 100 X more reliable в adds years to CPU life 
UL/CSA/TUV, a 2-year warranty for 300W than a single-unit m thinner, quieter, and 
models, and a 5-year warranty for the 450! Ideal | mload-sharing design better-built than cheap 
for high-end workstations and network file servers. т hot-swap capability imported imitations. 

TURBO-COOL 300 SLIM/BABY ......... $169 m 5-year warranty Xs m safe, simple installation 

TURBO-COOL 300 DESK/TOWER ... $189 ammonster-case т, CPU-COOL (FOR 486s) 

TURBO-COOL 450 DESK/TOWER ... 5349 TWIN-POWER 900.......................... $995 | PENTACOOL (FOR PENTIUMS) ............ $39 
PC POWER & COOLING, INE. 


5995 Avenida Encinas, Carlsbad, CA 92008 • (619) 931-5700 • (800) 722-6555 * Fax (619) 931-6988 


We accept Visa, MC, COD, or РО on approved credit. Warranty period: Five years for Twin Power and Turbo-Cool 450. Two years for Turbo-Cool (except 450), Silencer, and CPU coolers. One year for all others (except 110 Alert). 
Hours: 7 a.m. - 5 p.m. (PT) Mon. - Fri. Silencer, Turbo-Cool, TwinPower, CPU-Cool, PentaCool, and 110 Alert are trademarks or registered trademarks of PC Power & к Inc, ©1993 PC Power & Cooling, Inc. 
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1990: Apple changed its direction and in- 
troduced the “cheap Macs”: the Mac Clas- 
sic (basically a revised Mac SE], the Mac 
LC (а Mac Il in a svelte housing), and the 20- 
MHz 68030-based Мас lisi. These machines 
represented Apple’s intent to expand market 
share by producing systems priced compet- 
itively with PCs. The Mac Classic cost $999, 
the Mac LC cost $2499 with а 40-MB hard 
drive, and a similarly equipped Mac lisi cost 
$3769. 


that is suitable for the job at hand. 

This support of high-resolution color 
accelerated the Mac's use as a digital-im- 
age editor. Now, not only could the Mac 
lay out the text of magazine pages, it could 
also edit the high-quality images that went 
into them. It also let the Mac function as a 
data visualization tool in scientific and en- 
gineering applications. 

Again, 24-bit color manipulation wasn't 
a new concept, but the custom high-end 
workstations with similar capabilities cost 
$30,000 or more. The Mac's new capabil- 
ity raised expectations in the PC world: 
At that time, you typically had only 15 or 
possibly 256 colors on the screen; today, 
you can shop for a PC display board that 
supports thousands or millions of colors. 


Portable Lessons and Power 
One of the glaring deficiencies in the Mac 
product line was the lack of a notebook 
computer. In September 1989, the com- 
pany introduced the Mac Portable to plug 
this gap. Unfortunately, the computer bare- 
ly earned the label “portable,” weighing 
17 pounds and being the size of a small 
briefcase. Three things in its favor were 
the sharp active-matrix display, an inte- 
grated trackball, and an 8-hour battery life, 
thanks to the heavy lead-acid battery. 
The Mac Portable turned out to be a 
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dud, sales-wise. However, Apple learned a 
valuable lesson from it. Two years later, in 
October 1990, the PowerBooks showed 
that Apple could pack a Mac into a light, 7- 
pound notebook form factor. These sys- 
tems came equipped with a practical set 
of features, such as a 25-MHz 68030 pro- 
cessor (in the PowerBook 170) and fax 
and remote-access software. 

Nor was the Mac Portable's design ef- 
fort a total waste: Much of its power con- 
servation software, and hardware tricks 
such as slowing the processor clock 
and switching off idle subsystems, 
found their way into the PowerBook 
designs. The Apple Remote Access 
| software bundled with PowerBooks 
let users connect as a remote node to 
the AppleTalk network in their of- 
fice. This let them transfer files, 
print documents, and access data- 
bases or schedules the same way 
| they did in the office. The Power- 
Books let the on-the-go office work- 
er contact anyone by E-mail, fax, 
or remote access. 

Today, many PC notebook com- 
puters imitate the PowerBooks’ 
physical layout, including the inte- 
grated trackball. Still, most of them 
can't match the PowerBooks in the level of 
software integration. 


New Software, New Processors 

At the May 1988 Developer's Conference, 
Apple talked about System 7, thc succes- 
sor to System 6.0.x. It would be a 32-bit 
operating system offering significant fea- 
tures, such as a new SCSI driver, drag- 
and-drop printing, a new graphics engine, 
and built-in cooperative multitasking. 

Apple had hoped to introduce System 
7 about two years after its announcement 
in 1988. lt didn't turn out that way; it ar- 
rived in May 199]—a year late. System 
7 improved the user interface in several 
subtle and effective ways, such as 
by providing a built-in find func- | 
tion that locates a file on your hard 
drive or on a network. And while 
multitasking under System 6.0.x 
was something of a kludge, a Pro- 
cess Manager in System 7 managed 
the multitasking environment by 
handling the creation of memory 
partitions and loading the applica- 
tions. 

A 7.1 revision of the operating 
system consolidated fonts into a 
separate folder, where you installed 
or removed them by simply clicking 
on and dragging files. System 7.1 
also introduced the concept of a 
System Enabler—a small file of hardware- 


specific code—that at boot time sets up 
the low-level environment so System 7.1 
can operate. This lets System 7.1 function 
without modification even if the hardware 
changes. This seems like a minor point 
unless you've tried to install Windows on 
different machines with different hard- 
ware. Whereas a new Mac simply requires 
a new System Enabler, a Windows user 
can spend hours trying to massage Win- 
dows and DOS drivers to get a combina- 
tion that works. 


Video Killed the Radio Star 

Introduced with System 7 was QuickTime, 
which gave the Mac the ability to control 
time-based data, For example, QuickTime 
handled the display of digital video clips 
and sound, ensuring that both the pixels 
and sound were synchronized and deliv- 
ered to the screen at the constant rate de- 
manded by such media. An important point 
is that QuickTime is a cross-platform tech- 
nology: A Windows version is available, 
and Silicon Graphics has adopted Quick- 
Time as a digital format. This lets multi- 
media applications developers store digi- 
tal video and sound as QuickTime movies 
and count on them to function as expected 
on any platform. 


1991: Along with the PowerBooks, Apple 
also presented its first 68040-hased Macs— 
the Quadra line. The Quadras started out 
as 25-MHz 68040-based systems with 1- 
MB ROMs, 24-bit on-board video, and built- 
in Ethernet capabilities. The Quadra 700 
used a lici-style form factor, and the Quadra 
900 used a tower design. A Quadra 700 
with 4 MB of RAM and an 80-MB hard drive 
cost $6399, while a Quadra 900 with 4 MB 
of RAM and a 160-MB hard drive was priced 
at $8499. The latest offering is the 25-MHz 
Quadra 605, which comes іп a slim pizza-box 
housing and costs up to $1269. 


Sooner ог later, you'll get an 


“Out of Memory” message. 
Whether you have 
| ا‎ or 16. 


TSRs and network utilities need memory right 
where your programs need it, too. Its called 
‘lower’ or г ‘conventional memory. 


more expanded or extended memory — 
accessible to some programs, but not to TSRs 
like fax utilities device drivers or network 
utilities like Novell NetWare. Fortunately, 
there an easy software solution 
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to “out of memory" problems. "V YA IN Icy 


Have your cake and eat if, too. 
The more memory you have, the more flexi- 
bility and reliability you can enjoy. Thanks to 


EXP DOS 6 w/o MemMaker 
ЕБЕЛЕК Е 


our patent-pending бел. tech 
nology, QEMM finds as much as 96K more ЩЩ 
high memory than other memory managers. |) 
No one has yet been able to match our | 
performance. No wonder QÉMM outsells 
all the others put together! | 
QEMM" puts the maximum memory right 
where your favorite programs need it so you 


A 
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can run them апа TSRs without ‘out of _ 
memory’ problems or conflicts. That keeps 


PC-DOS DR DOS, Novell DOS. a e 
your PC running smoothly and performance ge 


Windows; one megabyte or eight, don't: sdi- js 25 | 
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“ PCissupposed to make that process 
. easier; your output better. When you can't 
300K 400K 0K 


We tested DOS with and without MemMaker and tun your favorite grammar-checking TSR or 

with QEMM 6and our new QEMM 7 runs away from have to get by without a vital network utility, 
all of them. See details of test conditions below. youre sacrificing productivity. 
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Its the utility that finds memory 
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Digital movies, however, require tons 
of storage. In anticipation of these storage 
demands, Apple has heavily promoted the 
adoption of CD-ROM as a storage medium 
by offering built-in CD-ROM drives in 
many of its systems. These drives are dual- 
speed, multisession drives, unlike the sin- 
gle-speed, single-session drives found in 
most MPC systems. Apple also supports 
Kodak’s Photo CD digital-image standard 
and provides a driver that transparently 
reads Photo CD files. Consumers might 
not be enamored of digital photography, 
but businesses that do a lot of image work 
(e.g., making and printing catalogs) find 
Photo CDs to be the ideal storage/retrieval 
format. 

Due to the Mac's push on color tech- 
nology and the availability of dual-speed 
CD-ROM drives, today you have a choice 
of interactive CD-ROM titles that can play 
16-bit digital video clips. With low-cost 
MPEG encoders from C-Cube and others 
appearing, you can expect to see full- 
screen (640 by 480 pixels), full-motion 
(30 frames per second) digital movies on 
CD-ROM soon. 

With its AV line of Macs, Apple blurs 
the boundaries between TV and the com- 
puter. Qut of the box, AV Macs can drop 
NTSC, PAL, or SECAM live video into 
a window on the desktop. Furthermore, 
with the appropriate software you can 
snatch a frame of video, or capture video 


1993: The video Macs arrive. The Quadra 840AV comes in a 
short tower design and has 2-MB ROMs and a 68040 proces- 
sor clocked at 40 MHz. A Quadra 840AV with 8 MB of RAM 
and a 230-MB hard drive costs $4069. It has built-in live video 
capture and presentation hardware, and a DSP (digital signal 
processor) that handles voice recognition and CD-quality stereo 


sound, plus fax and modem functions. 
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into a QuickTime clip. You can also easi- 
ly “print” a screen or a running demon- 
stration toa VCR tape. While these capa- 
bilities don’t come close to those offered 
by professional equipment, it’s the start 
of the Mac breaking 
traditional bound- 
aries, transforming 


nu 


“We used HyperCard to design the 


Newton interface. We'd sit down with 


itself from a simple HyperCard and use 

personal computer the drawing tools 

into а communica- | to sketch out 

tions device. This something. We'd 

will accelerate the tinker with it until - 

integration of TV we got what we — 

and information ser- | wanted." 

vices into the desk- | | | 

top computer. — Steve Capps, 
While the original Distinguished Engineer 


ы 
Mac was touted as 5 


an “information ар- 

pliance,” after a decade it’s clear that the 
Mac has yet to reach that lofty goal. How- 
ever, it’s well on its way. 


The Future 

Where does Apple go in the future? It con- 
tinues to push the boundary on technical 
innovation. In 1991 it forged strategic al- 
liances with Motorola and IBM to share 
various hardware and software technolo- 
gies. The first result of this alliance is the 
PowerPC RISC processor. RISC systems, 
though powerful, were simply too expen- 
sive for the personal computer market until 
the PowerPC arrived. The 
PowerPC bucks this trend 
with low fabrication costs 
combined with RISC's high 
performance. 

Apple is basing a line of 
Macs on the processor. À 
low-cost PowerPC Mac, 
combined with IBM 
PowerPC offerings, 
could push RISC 
into the mainstream 
| of personal comput- 
| ing. With the proper 
| System Enabler and 
M a 680x0 emulator, 
| System 7.1 actually 
runs on a PowerPC- 
based system. 

Apple also contin- 
ues to work toward 
replacing its low- 
level single-threaded 
operating-system ser- 
vices with a micro- 
kernel. The micro- 
kernel would provide 
| memory protection, 
° multiple threads, re- 
entrant drivers, and preemp- 


tive multitasking. This makes for a more 
robust environment and lets the operating 
system manage its resources more effec- 
tively. Apple is attempting to do this while 
simultaneously preserving the existing 
software base by add- 
ing portions of the mi- 
crokernel piecemeal. 

For example, the 
Quadra 840AV uses a 
new SCSI Manager 
4.3 that not only im- 
plements SCSI cor- 
rectly but is a reen- 
trant driver. Likewise, 
the ROMs in the Pow- 
erPC Mac implement 
Toolbox routines as 
DLLs; this will allow 
multiple threads. Will 
Mac users be able to use such an operating 
system on existing hardware? It's possi- 
ble: Since the Mac SE/30, all 68030-/ 
68040-based Macs have a SIMM ROM 
socket at the ready. Although most of these 
Macs have 1 MB of ROM or less, they 
can address 8 MB (except for the Mac 
SE/30, which can address only 2 MB). Ap- 
ple isn't talking about its plans in this area. 

Apple has also attempted to jump-start 
the PDA industry with the MessagePad, 
the first implementation of its Newton 
Technology. Newton Technology is a 
multitasking, object-based operating sys- 
tem. Apple has licensed it to a number 
of vendors for use in different products, 
dispelling the technology's proprietary 
label. 

More important, Newton Technology 
is an information-centric, not document- 
centric, operating system. Put another way, 
with Newton Technology you simply deal 
with information; you don't get caught in 
the mechanics of handling the informa- 
tion. For example, with the proper appli- 
cation on a MessagePad, you can jot, "Cab 
$10." The Newton operating system in- 
terprets the command, starts an Expense 
Report application, and drops the value of 
$10 into a travel expense cell dated for to- 
day. On a desktop system, you'd have to 
launch the appropriate application, locate 
the proper cell, enter the value, and then at- 
tach a date to the value. 

Whether or not the MessagePad suc- 
ceeds, Newton Technology will be a suc- 
cess because it shows us an even better 
way to work with our computers. That's 
something that the Mac did only 10 years 
before. M 


Tom Thompson is a BYTE senior technical editor 
at large, a long-time Mac user, and a certified 
Apple developer. You can reach him on the Inter- 
net or on BIX at tom_thompson@ bix.com. 
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Watch A Mac Compatible Monitor From СТХ 


AS a prominent 


leader in today’s display 
technology, CTX proudly 
introduces its new GM 

Series of Macintosh compat- 
ible products that may change 
the way you think of monitors. 


In sizes from 14" to 17", 
the GM Series provide features 
and capabilities that meet 
virtually any user's requirements 
for performance, resolution and 
price. Low Radiation (MPR II) 
and Power Saving Management 
are standard. А5 you may 
know, CTX monitors are built 
through stringent internationally 
recognized quality standards, 
such as 150-9000. They offer 
crisp, steady and brilliant 
images as well as advanced 
features, while maintaining 
superb reliability and 
affordability. 


To get a closer look at 
these true quality world- 
standard monitors, contact your 
nearest CTX dealer today. 


Technical Support 
1-800-888-2012 
BRS: (909) 594-8973 


Copyright © 1993 CTX Inieraatiosa]. Inc АЙ йл tewervedd АШ brand end produci names are trade marks aor rcgisterd trademarks of thoi original owners. 
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CTX INTERNATIONAL, INC. 
| 


USA Headquarters 
20530 Earlgate Street 
Walnut, CA 91789 
909/595-6146 
Fax 909/595-6293 


Southern Region 
6090-F Northbelt Parkway 
Norcross, GA 30071 
404/729-8909 
Fax 404/729-8805 


Eastern Region 
146 Division Place 
Hackensack, NJ 07601 
201/646-0707 
Fax 201/646-1998 


Midwestern Region 
500 Park Blvd., Ste 295С 
Itasca, IL 60143 
708/285-0202 
Fax 708/285-0212 


Southwestern Region 
1225 E. Crosby Rd., Ste. A21 
Carrollton, TX 75006 
214/416-9610 
Fax 214/245-7447 
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TOM R. HALFHILL 


o paraphrase Aesop, necessity is the 
mother of compression. If it weren't 
for the explosive growth in the size of 
operating systems, applications soft- 
ware, and data files, today's hard disks 
would be cavernous warehouses with 
acres of megabytes to spare. In just a few short years, 
desktop PCs with 40-MB hard drives have given way to 
systems that rival network servers: 200-, 400-, and even 
1-GB hard drives aren't uncommon. | 

Yet despite the rapidly rising capacities and falling 
prices of hard disks, not everyone can afford the latest 
hardware, and some systems can’t be upgraded. So it’s no 
surprise that millions of PC users who bought MS-DOS 
6.0 last year quickly embraced a new feature called Dou- 
bleSpace. Merely by installing some free compression 
software that ran invisibly in the background, they could 
virtually double the size of their existing hard disks. 

But it wasn’t that simple. Almost immediately, Mi- 
crosoft was besieged by complaints about a myriad of 
problems, and some users reported catastrophic losses 
of data. Other people had no trouble at all and enthusi- 
astically endorsed DoubleSpace. The controversy raged 
on BBSes and on-line services for months, while Mi- 
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crosoft steadfastly denied that DoubleSpace 


was buggy. Finally, last November, Microsoft released 


DOS 6.2 with several new safeguards. 

Nevertheless, many users remain spooked about real- 
time data compression. Their fear is fed by persistent 
horror stories of users who have trashed megabytes of 
valuable files while using DoubleSpace and other on- 
the-fly disk compressors. Although in many cases the 
compression software 15 an incidental player, the asso- 
ciation has been made: Compression is unreliable. 

The real problem isn't data compression, though; it's 
how well the technology is implemented in the operating 
environment. Ánd no environment is more hostile than 
that of DOS-based PCs. 

PCs are plagued by dozens of "standards" covering 
everything from video cards to I/O buses. The memory 
layout resembles a map of the Balkans. TSRs and de- 
vice drivers fight territorial battles over disputed memory 
blocks and interrupts. Applications think nothing of by- 
passing the ROM BIOS to save a few microseconds, and 
there are a number of versions of the BIOS from differ- 
ent vendors. Software installation programs automati- 
cally rewrite critical configuration files such as AUTO- 
EXEC.BAT and CONFIG.SYS, often without notifying 
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MS-DOS 6.0 with DoubleSpace raised real-time data compression 


to a new level of visibility. As controversy raged over its 


reliability, some concerned users retreated from the technology. 


But the real issue isn’t data compression at all; it’s how 


compression is integrated into the operating environment. 


New approaches promise to make this technology much more foolproof. 


the oblivious user. Windows 3,1 layers a multitasking 
GUI atop a single-tasking, character-based operating 
system and contributes additional configuration files: 
SYSTEM.INI, WIN.INI, CONTROL.INI, and more. Dif- 
ferent versions of DOS are available from three major 
companies. Most important, the DOS file system was 
simply not designed with real-time compression in mind. 

Nearly all the troubles that users experienced can be 
traced to confusion or to odd interactions between the 
compression software and other parts of the system. That 
doesn't make the complaints any less serious, of course, 
but it does mean that the future of data compression is 
tightly bound to the continuing evolution of PCs. As PCs 
mature, become easier to use, and consolidate around 
better standards, data compression will steadily gain in 
popularity. 

Transparency is the key: Data compression works best 
when it's completely transparent to both users and soft- 
ware. Today's compression software tries to keep a low 


profile, but it is frequently shoved into the open by forces 
beyond its control. 

One lasting effect of the DoubleSpace debate is that all 
makers of compression software are paying even closer 
attention to safety issues. Current products will continue 
to improve, and new approaches are being explored. 

For instance, some companies are working to move 
compression into hardware. By integrating the technology 
with the CPU's 1/О bus—and, perhaps, even in the CPU 
itself—data compression could become as transparent 
as floating-point math. The goal is not only to conserve 
hard disk space but also to significantly improve system 
performance by keeping the data compressed while it 
moves over the bus to peripherals and networks, and 
maybe even to main memory. 


Compression Goes Prime-Time 
The basic concept of data compression is at least as an- 
cient as the Romans, who figured out that the Roman 
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numeral V required less space on a stone 
tablet than did ИШ. Modern compression 
techniques are widely used to shrink huge 
graphics, video, and sound files down to 
manageable size. 

But those types of compression—JPEG, 
MPEG, Indeo, and the compressors in- 
cluded with QuickTime and Video for 
Windows—are so-called lossy methods; 
some data is irretrievably discarded when 
the files are compressed. Lossy compres- 
sion is unacceptable for critical data, such 
as spreadsheets, databases, and text. For 
those types of files, only lossless com- 
pression will do: Not a single bit of valu- 
able information can be lost during com- 
pression or decompression. 

Before DoubleSpace, the most popular 
lossless compression products were the 
file-level utilities for archiving data on 
floppy disks and saving time during down- 
loads. One of the leading file compressors 
for PCs is Phil Katz's PKZip, a shareware 
program so effective, it can squeeze the 
complete text of NAFTA (North American 
Free Trade Agreement) from its normal 
bureaucratic bulk of 3.3 MB down to a 
mere 568 KB—an impressive compres- 
sion ratio of nearly 6 to 1. The resulting 
file is small enough to fit on a floppy disk 
or to download from a BBS. Similar util- 
ities are available for Unix and the Mac- 
intosh (see the text box “Data Compression 
on the Macintosh"). 

But file-level utilities require users to 
run a program to compress and decom- 
press the file. Some utilities can make self- 
extracting archives—a single executable 
file that encapsulates both the compressed 
data and the decompression program— 
but it's still not simple enough for casual 
users. For them, real-time, on-the-fly data 
compression is a better solution. 

Real-time compressors run in the back- 
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ground, automatically shrinking files when 
they're saved on disk and expanding them 
when they're loaded. Most real-time com- 
pressors set up a compressed virtual drive 
on the uncompressed host drive, so com- 
pressing a file is as easy as saving or copy- 
ing a file onto the new virtual drive. 

For PCs, examples include DoubleSpace 
from Microsoft; Stacker from Stac Elec- 
tronics (Carlsbad, CA); XtraDrive from In- 
tegrated Information Technology (IIT) (San- 
ta Clara, CÀ); SuperStor Pro from AddStor 
(Menlo Park, CA); and DoubleDisk Gold 
from Vertisoft Systems (San Francisco, 
CA), which supplied Microsoft with com- 
pression technology for DoubleSpace. 

In 1991, DR-DOS 6.0 from Digital Re- 
search was bundled with SuperStor, thus 
becoming the first version of DOS to in- 
clude real-time data compression. Until 
DoubleSpace came along, however, real- 
time compressors were mainly confined 
to a relatively small market of power users. 
With the release of MS-DOS 6.0, millions 
of casual users who barely knew the dif- 
ference between a physical drive and a 
logical drive were suddenly creating com- 
pressed volumes on their hard disks with 
nary a second thought—some with disas- 
trous results. 


Trouble with DoubleSpace? 
Data-loss problems are always difficult to 
trace, and the natural tendency is to blame 
the last thing installed. With DoubleSpace, 
most problems seemed to fall into three 
categories: (1) file corruption caused by 
bad sectors on the hard disk; (2) puzzling 
disk-full errors caused by badly fragmented 
compressed drives or lower-than-expected 
compression ratios; and (3) subtle inter- 
actions with other software, including the 
SmartDrive disk caching in DOS 6.0. 
Microsoft responded by adding several 


safeguards to DOS 6.2 and DoubleSpace. 
ScanDisk, a new diagnostic/repair utility, 
fixes damaged files and automatically 
scans the hard disk for surface errors before 
DoubleSpace is installed. DoubleGuard, 
a new protection option, alerts users if 
another program or TSR corrupts the 
RAM-resident portions of DoubleSpace. 
SmartDrive no longer turns on writeback 
caching by default. And Microsoft also 
made it easier to remove DoubleSpace al- 
together—a paradoxical but popular fea- 
ture in other compression products. 

Despite the safeguarding efforts of Mi- 
crosoft and others, some users have simply 
reached the end of their ropes. Steven 
Polinsky, a lawyer in Ridgefield, New Jer- 
sey, says he removed Stacker from the 40- 
MB hard drive of his desktop PC after ex- 
periencing mysterious errors, even though 
he's not sure Stacker was to blame. Next, 
he installed DoubleSpace on his laptop 
computer's 60-MB hard drive but imme- 
diately ran into video initialization trou- 
ble with Windows. Now, he's reluctant to 
put either Stacker or DoubleSpace on his 
desktop PC. 

"Overall, I’m a believer in DoubleSpace 
and in data compression in general," says 
Polinsky. "But this is my mission-critical 
computer. It's my billing, my accounting, 
my research tool, my everything. I can't 
live without it." 

However, most users are so hungry for 
hard disk space that they're willing to take 
a little misfortune in stride. Chris Cooper, 
a software engineer working in Pforzheim, 
Germany, was not deterred even after 
CHKDSK failed to fix an error on his Dou- 
bleSpace drive: “I backed up, reformat- 
ted, and reinstalled everything, and that 
certainly fixed the problem." 

The irony is that data compression is a 
rock-solid technology. There's no magic 


Modem. 


Do you feel the need, the need for 
speed? Youre why theres the new 
standard of high speed modems 
f called V32terbo. Unlike 
EU ordinary V32 bis 
modems, which run at 
144 Kbps, V32terbo 
runs at 192 Kbps, one 
third faster. (Think of the difference 
between a regular sportscar and a 


turbo sportscar.) 

But, best of all, V32terbo is an 
open standard. Which means that it's 
the fastest modem standard there is 
that can talk to other nonproprietary 
brands. It can also talk to less speedy 
modems like V32bis via Automode. 
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V32terbo modem. 


Is V32terbo the wave of the future? 
Over forty manufacturers seem to 
think so. Which is important if you 
want to make a 19.2 Kbps connection. 

So look for the V32terbo 
symbol at the left. It doesnt cost a 
whole lot more. 


So why would you even think of 
buying anything else? 


V32terbo modems. 
The open standard of fast. 


Call 1-800-372-2447, extension 920. 


We'll tell you more. 
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TRAPPED IN THE BODY OF THIS TINY SEI 


This is a story about a small computer engineered 
to be so dependable, you won't think twice about 
trusting it with your mission-critical applica- 
tions. And to be this without filling a closet, 
much less a room. If you haven't 
thought of Compaq as an enterprise- 
critical platform before, we invite 
you to grab your bifocals and 
begin. ( We'll be cramming a lot of information 
into this ad, which, given how much we managed 


to fit into our new servers, only makes sense.) 


If there's one thing we've learned working with our 
customers, it's that you're running more and more 
mission-critical applications on your network. And 
if your network goes down, your business goes 
down. All of which makes the introduction of the 


new Compaq ProLiant Server суеп more timely. 


The ProLiant is a new family of affordable, high- 
performance, easy-to-manage servers engineered 
specifically to provide the high availability you 
need for mission-critical networks. We've designed 
ProLiant in three different models, ranging from 
a single-processor configuration to a four- 


Pentium processor model. 


Now, how can you be sure our server is truly a 


software that continually monitors over 800 


miracle and not a mirage? To begin 
with, there's Full Spectrum Fault 
Management, provided by Compaq 
Insight Manager technology and 


aspects of the server's operating status. (For 
example, Drive Parameter Tracking checks 15 
hard-drive parameters.) All of this information 
is constantly gathered, analyzed and then used to 
prevent, tolerate or recover from system problems. 


If the performance of a monitored component 
drops below a specified level, our unique Pre- 
Failure Warranty* kicks in. We'll 
actually replace a Compaq war- 


ranted drive or memory system 


free. Before it stops working. No 
downtime. Ringing cash registers. Happy boss. 


Still, no network's perfect. In the unlikely event 
problems occur, our server exhibits remarkable 
tolerance. Every ProLiant includes Compaq- 
designed hot-pluggable drives. ProLiant Models 
2000 and 4000 come standard with advanced 
error-correcting memory and off-line backup 


processor features (whereby the server reboots 
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automatically to a second processor). And, most 
notably, the Compaq Smart SCSI Array Con- 
troller together with the ProLiant Storage 
System ensures mission-critical data integrity. 
Should a network problem bring the server 
down, the Rapid Recovery Systems of the 
Proliant are designed to bring it back up. 


4 Manager and SmartStart are trademarks of Compaq Computer 


Corporation. Product names mentioned herein may be trademarks and/or registered trademarks of their respective companies, CompaqCare is а scrviccmark of Compaq Computer Corporation. 
@ *Applicable only to advanced ECC memory and disk drives running under Compaq ГОА, IDA-2 oc SMART SCS Array controllers. **Fce-based option supported under CompaqCare and not part of 


JER IS A MAINFRAME WITH AN ATTITUDE. 


For example, Automatic Server Recovery 2 
uses a historical record of server status and 
performance to perform an astonishing array 
of tasks. Like intelligently restarting the server, 
automatically correcting a variety of problems, 
and accessing a telephone pager to contact 


network administrators. 


the Three-Year On-Site Warranty. f This service provided by Contracted Service Providers and may not be available in certain 
в one-year warranty. For further details on our limued warranty, contact the Compaq 
documen 


. (For QuickSpecs information, order 


certain options arc covered 
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By now you'd expect us to have rethought 


server setup, configuration and OS installa- 
tion, but you might be surprised by the 
results. Introducing SmartStart, a CD-ROM 
system that takes the headache out of getting 
your server up and running. ProLiant includes a 


CD-ROM drive and bundled CDs of optimized 


Computer 
t numbers 4005, $003, and 4001. 


Netware and other major operating systems. To 


get hooked up to your network operating system, 


que 


simply call your dealer for an 
access code, enter it, answer a 


Jew questions, and leave. Minutes 


later—say, after you've enjoyed a 
cup of coffee and a jelly donut— you'll return to 
find an integrated OS fully installed and opti- 
mized for increased performance and improved 
management. And we'll keep you updated via 
CD when new operating system versions appear. 


And finally, to accompany our new line of 
mission-critical servers, we're introducing 
mission-critical support. With 
ProLiant, we now offer extensive 


analysis, installation and ser- 


vice through our CompaqCare 

System Partners, a select group of highly trained 
systems experts backed by Compaq engineers. You 
can now choose 4-hour on-site warranty response 
upgrade** direct from Compaq. Again, there's 
our unique Pre-Failure Warranty. And, of course, 
all Compaq servers come with a 3-year on-site* 
warranty, and 7-day-a-week, 24-hour-a-day 
technical support. 


All in a surprisingly small box јот not a whole lot 
of money. In fact, a DX2/66 Compaq ProLiant 
1000 starts at about 36000: 


All of which may help to explain the look your 
boss gives you when he hears about how much 
money you saved: stunned admi- 
ration. But don’t worry, you'll 


get used to that. It goes with the 


territory. For more information 
оп the new Compaq ProLiant servers, or for the 
location of an authorized Compaq reseller 
that’s near you, just give us a call toll-free at 
1-800-345-1518. If you'd like to receive 
model, feature and specification information 
immediately via fax, select the PaqFax option. 


COMPAQ 


c locations, Certain restrictions and exclusions apply. Monitors, battery packs and 
Cemer. 1 Estimated U.S. reseller selling price, actual reseller pricing will vary, The Intel 


Circle 79 on inquiry Card. 


or voodoo; it's as straightforward and ге- 
liable as 2+2 = 4. The comparison 15 apt 
because virtually all lossless data-com- 
pression products are derived from prin- 
ciples of information theory that were for- 
mulated in the 1940s and later refined in 
the 1970s and 1980s. At its roots, the ba- 
sic technology of data compression may 


be the levelest playing field in the com- 
puter industry. It is how various compa- 
nies use compression that makes the dif- 
ference. 


Not Rocket Science 
Typically, lossless data compression 15 
based on some variation of the LZ (Lem- 


pel-Ziv) or LZW (Lempel-Ziv-Welch) 
methods, named after Abraham Lempel, 
Jacob Ziv, and Terry Welch. When adapt- 
ed for real-time compression, LZ/LZW 
strikes a reasonable compromise between 
efficiency and speed. On average, it 
achieves a compression ratio of about 2 
to 1. Compare that to lossy methods such 


Data Compression on the Macintosh 


М acintosh users have thus far escaped most of the con- 
troversy over disk compression that haunts PC users. 
For one thing, disk compression isn’t a standard feature of 
the Mac operating system as it is with the latest versions of 
DOS. It’s like the PC world before DoubleSpace: You have to 
buy a third-party product to get compression, so it tends to at- 
tract users who are more aware of the trade-offs. 

Also, for various reasons, Mac software doesn’t require as 
much disk space as Windows software. Many Macs are still 
sold with 80-MB hard drives—woefully small by today’s PC 
standards but plenty large for the average Mac user. 

Nevertheless, data compression is very much in demand. 
High-end Mac users tend to be graphic artist professionals 
who handle truly huge files: A single scanned photograph 
might easily require 50 MB. File-level compressors have been 
popular for years, and the Mac counterparts of PKZip include 
StuffIt Deluxe and Stuffit SpaceSaver from Aladdin Systems 
(Watsonville, CA); DiskDoubler and AutoDoubler from 
Symantec (Cupertino, CA); More Disk Space from Alysis 
Software (San Francisco, CA); Now Compress from Now 
Software (Portland, OR); and Compact Pro, a shareware pro- 
gram by Bill Goodman from Cyclos (San Francisco, CA). 

Unlike PKZip, however, most file-level compressors on 
the Macintosh can work transparently, automatically com- 
pressing and decompressing files as they're opened and closed. 
In fact, some of these programs constantly scan the disk for un- 
compressed files and automatically compress them during 
idle times. Control panels let you decide whether all files on 
a disk should be compressed or only certain files and folders. 

Real-time disk compressors are fairly new on the Mac. Un- 


drivers. 


32 KB. 


The main advantages of driver-level compressors are that 
they're less likely to conflict with system extensions (also 
called INITs), and they're capable of compressing more kinds 
of files—even the non-ROM portions of the Mac operating 
system in the System Folder. On the downside, driver-level 
compressors may be incompatible with other SCSI device 


Macintosh compressors use the same basic compression 
methods as those on the PC, achieving the same average com- 
pression ratio of about 2 to 1. However, the Mac file system 
shares a limitation of DOS that prevents either platform from 
exceeding that ratio on large hard drives, even with files that 
are highly compressible. 

The problem is that both DOS and the Mac address their al- 
location blocks (called clusters on the PC) with a 16-bit num- 
ber, so the maximum number of blocks on a drive—regardless 
of its capacity—is 65,536. Therefore, drives larger than 512 
MB cannot use a minimum block size of 8 KB or less, be- 
cause there aren't enough addresses. On a 1-ОВ drive, the 
block size grows to 16 KB; on a 2-GB drive, it expands to 


^ 


This results in wasted space on large drives, because a 
block can't hold more than one file, so even a tiny file re- 
quires a whole block. One solution is to partition large drives 
into smaller logical drives. Each logical drive can address 
65,536 blocks, so the blocks can be smaller. 

On a compressed drive, block sizes are variable, so less 
space is wasted. However, it's possible to run out of allocation 
blocks before running out of actual physical space. This hap- 
pens when the overall compression ratio on a large drive 


like file-level compressors, they install themselves at the de- 
vice-driver level, similar to disk compressors on the PC. 
There's one important difference, however: On the Mac, de- 
vice drivers automatically load into memory from all storage 
media on the SCSI chain during startup or when a removable 
disk is mounted. In other words, the compression software is 
tied to the media, not to the machine. So a service bureau, 
for example, can read a compressed Syquest disk without in- 
stalling the compression software on its system. 

There are three driver-level products available for the Mac- 
intosh: eDisk from Alysis Software; Stacker from Stac Elec- 
tronics (Carlsbad, CA); and TimesT wo from Golden Trian- 
gle Computers (San Diego, CA). TimesTwo replaces the 
disk's existing SCSI driver with a custom driver that han- 
dles compression. Both Stacker and eDisk work with the ex- 
isting SCSI driver, wedging themselves between the driver 
and the operating system. 


exceeds 2 to 1. Individual files can be compressed at much 
higher ratios, of course, but the average compression ratio 
across the entire disk cannot exceed that limit. 

For example, let's say you compress a 512-MB drive. Its vir- 
tual size (based on an average 2-to-1 compression ratio) is 
1024 MB, or 1 GB, with 16-KB blocks. Now you start filling 
the drive with highly compressible files that achieve a ratio of 
4 to 1. There's enough physical space on the drive to store 
2-GB worth of those files, but you'll get a surprising disk- 
full error after 1 GB. Why? Because the drive is limited to 
65,536 allocation blocks, and it would need 131,072 of those 
16 KB blocks to store 2 GB. 

In practice, this barrier is not a serious problem because 
the average compression ratio for a typical mix of files rarely 
exceeds 2 to 1. But as drive capacities continue to climb and 
compression software keeps improving, this limitation is sure 
to be removed in future versions of DOS and the Mac OS. 
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ViewSonic 176 _ 


А ^ Hus MET 


On View 


Introducing the ViewSonic 17G — the first in our "Graphics" 
line of monitors. It's unique! It's powerful! And it's affordable! 


This unbeatable monitor features the OnView" control system, an 


innovative technology that displays the status of each adjustment and 


function on the screen. Yes, OnView does make it very easy to adjust 
controls with precise accuracy. Two of the “hottest” controls are: 
ViewMeter™, which shows the current refresh rate and scanning 
frequency of the monitor, and ViewMatch ", that adjusts screen 
colors to closely match printer output. 


And it's "green"! Powering down to under five watts when inactive, 
the ViewSonic 17G supports the EPA's Energy Star program, and is 
compliant with MPR-II standards for low radiation. 


If that isn’t enough, the ViewSonic 176 has a special ARAG™ anti- 
reflection coating, Invar shadow mask and a specially-designed 


dynamic beam focus gun which provides a sharp, crisp screen image. 


This feature-rich 17-inch monitor beats the competition — and 
the suggested retail price is only $999! 


ViewMatch™ ViewMeler" 


COMPARITIVE CHART 


ViewSonic 17G | NEC 5FGe NEC 5FGp 
Screen Size 17" 17" 17" 


Сирі | 028 | 0з | 0з | 


Maximum Refresh Rate (Hz) 
Non-Interlaced 


OnView Ganim 


Power Saving i 
seins “| наг 7708 308 
we | w | ms |as 


ViewSonic 
See Tbe Difference!" 


20480 Business Parkway Walnut, CA 91789 
Tel: (800) 888-8583 or (909) 869-7976 Fax: (909) 869-7958 


АҢ products and brand names ате ге егы] trademarks of their respective companies. 
The EPA only promotes energy efficiency and does not endorse any particular company or product 
Image courtesy of AutoDesk image Development Lab. 
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Cover Story 

as JPEG, which deliver compression ratios 
as high as 100 to 1, if you aren’t too picky 
about quality. 

Compression works better on some 
types of files than on others, and some 
files cannot be compressed at all. Com- 
pression algorithms depend on repeating 
patterns of data, so they don’t work on 
files consisting of random data. Typical 
examples include encrypted files (the bet- 
ter the encryption, the more random the 
data) and files that have already been com- 
pressed (because randomization is a 
byproduct of compression; otherwise, you 
could repeatedly compress a file until it 
was squeezed down to a single byte). 

Compression algorithms can be opti- 
mized for different data types. One 
method, RLE (гип length encoding), works 
well on files with long strings of repeating 


bytes. For example, if a portion of a graph- 


ics file has 100 white pixels in a row, an 
RLE compressor might save | byte that 
indicates “white” and another byte that in- 
dicates “100.” The decompressor knows 
that the first byte represents the color and 
that the second byte tells how many pixels 
of that color will follow. Even though RLE 
is a good choice for compressing a graph- 
ics file, it would be a poor choice for a 
text file. 

For that reason, some compressors an- 


valyze the uncompressed data to choose the 


optimal compression method. However, 
none of the real-time disk compressors, 
such as DoubleSpace, does this. Analysis 
takes time, and the extra compression isn’t 
worth the performance hit. 

Instead, DoubleSpace and other real- 
time disk compressors use a sliding dic- 


tionary form of LZ compression, no mat- 
ter what kind of data the file contains. To 
shrink a file, the compressor looks for re- 
peating patterns. It then replaces each pat- 
tern with a pointer that refers back to an 
earlier occurrence of the same pattern, as 
well as a token that specifies the length of 
the pattern. Later, when the file is decom- 
pressed, the pointers and tokens are re- 
placed with the original patterns. 

Microsoft cites this example: “the rain in 
Spain falls mainly on the plain.” Count- 
ing spaces and the period, this phrase nor- 
mally requires 44 bytes. But it contains 
several repeating patterns, including ain 
and the. DoubleSpace would encode the 
phrase as follows: 


the rain [3,3]S8p[9,4] falls 
ШІІ1.; 3) Ty om (94, 4) pl [15,3]. 


continued 


Data Loss: A Cautionary Tale 


HOWARD EGLOWSTEIN 


С: data losses caused by 


disk compression are rare, but def- 
initely happen. Usually, it’s not directly 


the fault of the compression software, 


but rather is caused by an unexpected 
interaction between various components 


of the system. A typical example is my 
recent experience with Microsoft’s Dou- 
 bleSpace and AddStor’s DoubleTools 


running on a Toshiba T4600C laptop 


computer. 


DoubleTools seemed like an interest- 


ing product—it provides finer control 
over the internal workings of DOS 6’s 
compressed volumes and promises bet- 
ter disk repair capability than the stan- 
dard utilities included with DOS. I’m 
not a fan of disk compression in gener- 
al, but I make regular backups of my 
data and had nothing to lose. 

J installed DoubleSpace on the Toshi- 
ba T4600C's 200-MB hard drive, then 
proceeded to install DoubleTools. As 
part of the installation procedure, you're 
given the option of sticking with the 
standard Microsoft DBLSPACE.BIN 
driver or replacing it with AddStor's en- 
hanced driver. The enhanced driver gives 
DoubleTools better access to the internal 
guts of the compressed volume and al- 
lows it to analyze things more thor- 
oughly. The AddStor manual recom- 


mends using it, so I did. After installa- 
tion, you must reboot to load the new 
driver. 

Until this point, everything had gone 
well. As the Toshiba rebooted, however, 
the AddStor driver tried to examine my 
hard drives. It found drive C and then 
looked at drive D, which was actually 
Toshiba's PCMCIA driver for a fax mo- 
dem card. Because the Toshiba driver 
also supports PCMCIA hard drives, it 
has to load as if it were a disk drive. I 
didn't have the PCMCIA drive installed, 
so accessing drive D caused a “Not 
ready reading drive D:" error. The Dou- 
bleSpace driver paused for quite a while 
during bootup as it dealt with this nonex- 
istent drive. 

I started Windows and loaded the 
DoubleTools configuration utility to tell 
it not to bother dealing with drive D. 
The utility's pick list recognized the two 


removable drives on the Toshiba (the — 


floppy at drive À and the PCMCIA drive 
D). I selected drive D from the list. The 
screen went blank, but then displayed 
the following message: "Serious error 
occurred reading drive H:, Press any key 
to continue." The machine froze, and 
cycling the power was the only way to 
get it back. 

When the machine rebooted, the Dou- 
bleSpace compressed volume was bad- 
ly corrupted; no standard recovery tools 

could read it. The only fix was to refor- 


mat the drive and reload everything. Just 
to make sure this wasn't a fluke, I tried 
the whole exercise again and got the 
same failure. | 

What happened? It’s not exactly Dou- 
bleSpace's fault, and it is not really - 
AddStor’s fault, either. (DoubleTools 
did not expect to find a valid yet non- 
existent drive.) Is Toshiba to blame? 
That depends on whether the problem 
was caused by the driver or the ap- 
plication's inability to handle a serious 
error. At press time, this issue was still 
uncertain. | 

Any way you look at it, the failure 
was catastrophic. If this hadn't been a 


review machine (and backed up at that), 
I could have lost a great deal of work 


simply by installing a tool designed to 

make using my disk safer. That's pretty 

scary. i) 
There were at least three ways to re- 


solve the problem: remove the fax mo- 


dem and PCMCIA device driver; unin- 
stall DoubleTools; or just give up on 
DoubleSpace altogether. Because the 


modem is handy, and using Double- 


Space without decent recovery tools 
seemed foolhardy, I decided to unin- 
stall both DoubleSpace and Double- 


Tools. 


Howard Eglowstein is a testing editor for the 
BYTE Lab. You can reach him on the Internet or 
BIX at heglowstein@ bix.com. 
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е wasn't famous. He 

didn’t drive a fancy car, 
but dressed in his favorite 
Comdex T-shirt and faded 
blue jeans, he set out to 
change the course of the 
computer software industry. 
Quite a task for a lonely 
software developer. 


^ ` cigarettes, 
he'd write pages 
of code. 

It took time. Years in fact. 
But he did it. He wrote the 
most powerful computer 
program in the world. Now 
came the hard part. Selling it. 


The Most Powerful 
Program in the World 
Determined to make those 
long years pay off, he called 
on every distributor, VAR and 
dealer in the world. He drove 


from Beantown to San Diego. 


Flew from Dublin to Borneo. 
Everyone loved the program. 
So he sold a few. Only 

a few. 
Back in Boston he 
waited. After a long year 


hy do they 
сай it a dongle? 


with only 13 orders he set 
out to see what happened. 
As he drove across the 


Ж country and 


flew around 
the world he 
discovered everyone 
knew about his program. 
Everyone had it too. 


But he didn’t know 
what to call it. He thought 
of naming it after an exotic 
place he visited in his travels, 
Madagascar was a bit too 
long, though. 

“Name it after you, 
Don!”, urged his peers. 
So he did. Soon 


The Global Marketplace | everyone was calling | 
From Paris to Prague, his 2: n.i j m 
program was everywhere in =] ж = zs 
Europe. When he got off the d a - y е, 4) 
plane in Hong Kong һе found - қ a Р d 
his program stacked to the E aE 
ceiling in every computer You've Come 
store. Amazed in disbelief, he A Long Way, Baby 
bought a hundred cartons Today, dongles are different. 
of cigarettes and a hundred Fact is, they've come a long 
pounds of Indonesian . way. Leading the 
coffee and [lew Pme. industry with 
back to Boston. ғ ~ ^ security solutions, 
Beaten, battered ' <3 Rainbow Technologies 


@ Пав changed the face of 
hardware keys. They work 
with multiple applications, 


and bruised he went 
back to the drawing 
board. This time he 


would really are programmable and 
change the face of network versions control 
the software industry. P" concurrent usage. And 
He would develop a device they're always transparent 
that would prevent to the end-user. 
unauthorized distribution of Sentinel Family 
software programs. from Rainbow 

Cail It What You Like Truth is, more and more 


developers are using keys. 
And the Sentinel Family is 
the most widely used in the 
world. In fact, over 6,000 


He developed a hardware 
key. His peers applauded his 
efforts. Finally, a solid solution 
for revenue protection. 


developers use Sentinel from 
Rainbow. Why? They are 
simply the most effective, 
reliable and easy to implement 
keys on the market. 

Learn more about securing 


Iw your software 

Blas" and how keys 
provide developers 

with extra value. 

" Call for a free copy 

7 of “The Sentinel 

Guide to Securing 

‚ Software.” And see 

just how easy it is to 

install a hardware 

key into your м & 


application in just 


NS 
minutes. Try it E 4 
with our low cost | т 
Sentinel B. 
Evaluation Kit. € 


Order one for 
your DOS, OS/2, Windows, 
Macintosh or UNIX based 
application. 

And remember, when — 
you need a dongle, you need 
Sentinel — the only dongle 
Don Gall would use. 


800/ 859-8569 


FOR YOUR FREE GUIDE 
TO SECURING SOFTWARE 


Securing the future of software 


Some call it a dongle. Those who know, call it Sentinel. 


CRAIN 


TECHNOLOGIES 


9292 JERONIMO ROAD, IRVINE, CALIFORNIA 92718 в 714/ 454-2100 а fax 714/ 454-8557 
International offices are located in the United Kingdom, Germany and France. 


Circle 134 on Inquiry Card (RESELLERS: 135). 


A var Char 
Gover Story 


Bracketed numbers rep- 
resent pointers and tokens, 
so [9,4] tells DoubleSpace 
to replace the pointer (9) 
and token (4) with the 
four-character pattern that 


begins nine characters be- H Б 


lO.SYS 
MSDOS.SYS 


fore the pointer. 

The result: The com- 
pressed version requires 
37 bytes instead of 44. 
That’s not an enormous 
saving, but the method 
works much better on 
database files, whose 
fields are padded with lots 
of spaces, and on graph- 
ics files that have large 
areas of solid color. (The 
algorithm does not care 
whether the patterns of 
bytes represent ASCII 
characters or any other 
kind of data.) 

This method is known 
as sliding dictionary be- 
cause the compressed data 
itself contains the “dictio- 
nary” of patterns that’s lat- 
er used to reconstruct the file and because 
the compressor works its way through the 
file using a fixed-size sliding window. In 
other words, the compressor will not scan 
backward through the entire file to locate 
a matching pattern; it searches only a win- 
dow of bytes that slides through the file 
during compression. The size of that win- 
dow usually ranges from 2 to 8 KB. (Dou- 
bleSpace's sliding window is about 4 KB.) 

These and other variables allow for 
some product differentiation, but in truth, 
no lossless disk compressor enjoys a 
knockout advantage in terms of compres- 
sion efficiency or speed. Much more im- 
portant is how the compression software 
interfaces with the operating system, how 
the compressed volumes are structured, 
and the quality of their diagnostic and re- 
pair utilities. 


Implementing Compression 

To keep data compression as transparent as 
possible to the user (and to applications), 
it's best implemented as a background 
process that hooks into the normal file sys- 
tem and automatically compresses and de- 
compresses files as they're saved on disk. 
If the compression software installs itself 
as a virtual drive on the system (similar 
to a logical partition), it can recede even 
further into the background. On PCs, how- 
ever, that requires finding room in memory 
for yet another device driver and then pro- 
tecting it from other drivers, rogue pro- 
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MS-DOS 5.0 and earlier 


HOM BIOS 
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How MS-DOS Preloads DoubleSpace 


MS-DOS 6.0/6.2 
ROM BIOS 


І0.5Ү5 
MSDOS.SYS 


CONFIG.SYS 
DBLSPACE.SYS 


pi 


COMMAND.COM 


AUTOEXEC.BAT F 


AUTOEXEC.BAT 


Before the release of version 6.0, MS-DOS loaded all device drivers from CONFIG.SYS. But 
DOS 6.0 has a modified IO.SYS file that automatically loads a device driver called 
DBLSPACE.BIN, which, in turn, calls а new configuration file named DBLSPACE. INI. 
Only then does CONFIG.SYS execute, loading any other device drivers, as well as a short 
program called DBLSPACE.SYS that relocates the DoubleSpace driver into upper 
memory. Stacker 3.1 is the only other real-time disk compressor that preloads in this 
fashion under MS-DOS. 


grams, and territorial TSRs. 

File-level compressors (e.g., PKZip) 
don't test the fragility of the DOS envi- 
ronment because they don't run in the 
background, and their compressed files 
don't appear any different to the system 
than do ordinary files. But real-time com- 
pressors must rely on a device driver to 
reroute all file I/O through their compres- 
sion routines. 

Before MS-DOS 6.0, most third-party 
compressors used the same method em- 
ployed for years by RAM disks, which are 
also virtual drives: They loaded the de- 
vice driver from the CONFIG.SYS file 
during bootup. However, this approach 
has a few disadvantages. To swap drive 
letters so that the compressed drive ap- 
pears as drive C, both the virtual drive and 
the physical drive need duplicate copies 
of CONFIG.SYS, AUTOEXEC.BAT, and 
all files they reference. This, in turn, leads 
to synchronization problems when you 
make any changes to the files. 

Another potential problem is the com- 
petition for memory. If too many device 
drivers and TSRs load into conventional 
memory (i.e., the first 640 KB of RAM), 
some MS-DOS programs— particularly 
games—will not have enough memory to 
run. If you modify the CONFIG.S YS file 
to load the compressed drive's device 
driver into upper memory (i.e., the area 
above 640 KB and below 1024 KB), it 
may conflict with other device drivers or 


DBLSPACE.BIN 
DBLSPACE.INI 


TSRs competing for the 
same territory. 


Preloaded Drivers 

Digital Research's DR- 
DOS 6.0 offered a novel 
solution: À new system 
file called DCONFIG. 
SYS that booted before 
CONFIG.SYS. Super- 
Stor's device driver could 
load from DCONFIG. 
SYS immediately after the 
memory manager, mount 
the compressed drive, and 
then chain to CONFIG. 
SYS on the compressed 
drive before any other 
TSRs or drivers tried to 
grab memory. In other 
words, the compression 
software got a head start. 

With the release of 
MS-DOS 6.0, Microsoft 
achieved basically the 
same result with a some- 
what different approach. 
Previous versions of MS- 
DOS couldn't load a de- 
vice driver before CONFIG.SYS, but MS- 
DOS 6 has a modified IO.SYS boot file 
that automatically preloads a device dri- 
ver called DBLSPACE.BIN before CON- 
FIG.SYS executes. 

DBLSPACE.BIN reads a new configu- 
ration file called DBLSPACE.INI, mounts 
any compressed drives it finds listed there, 
assigns the appropriate drive letters, and 
only then passes control to CONFIG.SYS. 
This happens before any other device driv- 
ers or TSRs get a chance to load from 
CONFIG.SYS or AUTOEXEC.BAT. The 
CONFIG.SYS file still needs to run a pro- 
gram called DBLSPACE.SYS that relo- 
cates DBLSPACE.BIN from convention- 
al memory to upper memory. Even if 
DBLSPACE.SYS doesn't run, or if the 
entire CONFIG.SYS file is trashed, DBL- 
SPACE.BIN still preloads and mounts the 
DoubleSpace drive. 

Once the compressed drive is mounted, 
it appears to the system as a virtual drive. 
All file 1/0 happens normally, except the 
device driver intercepts the I/O to com- 
press and decompress files as they're saved 
and loaded from the new drive. 

Besides DoubleSpace, Stacker 3.1 is the 
only other compressed-drive product for 
MS-DOS that preloads its driver before 
CONFIG.SYS. Earlier versions of Stacker 
used the former method of loading the 
device driver within CONFIG.SYS. 
SuperStor and Vertisoft System's Dou- 
bleDisk Gold still load their drivers from 


` After all these years, 


‘isn’t it time you got the | 


big box of crayons? 


There comes a time in your 
life when you just have to stop 
and say, | want all the colors 
and I want them now. If you 
have reached that point, con- 
gratulations: you’re ready for 
the new Tektronix® Phaser™ 300. 
We've taken the top-selling 
printer in its market and made 
it better. For starters, we’ve 
improved the Phaser 300% 
image quality. So what was 
once great color is now really 
great color. Crisper, richer and 


more detailed. And because 
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The new Phaser 300 can print a full bleed 11"x 17" 
page on nearly any kind of paper in twa minutes, 
Think fast. 


Which is twice as quick as its 
award-winning predecessor. 
On top of all this, the Phaser 
300 gives you PANTONE? 
approved color matching and 
connects to any Mac, PC or 
workstation. Color me flexible. 
For a free Phaser 300 print 
sample or the name of your 
nearest Tektronix dealer, call 
800/835-6100, Department 
33J. For faxed information, 
call 503/682-7450 and ask 
for document #5002. You'll 
be amazed at what the big 


we know you don't like sitting around watching Бох of crayons can do. Of course, the Phaser 300 


paint dry, we've made it faster. Now you can spit 
out up to ап 11"x 17" full bleed image on nearly 


Jektronix forget about things ever getting dull. 
HL 


any kind of paper in two minutes. 


may not come with its own built-in sharpener, 


but, hey, with color that looks this good, you can 


Phases is а trademark of Tektronix, Тог. АШ other marks arc trademarks of registered trademarks of their respective companies. 
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CONFIG.SYS when running under DOS. 

However, SuperStor/DS—a new Dou- 
bleSpace-compatible version of SuperStor 
included with IBM's PC-DOS 6.1 (which 
will soon be the only version of SuperStor 
available)—preloads its driver before 
CONFIG.SYS when running under IBM's 
PC-DOS 6.1, which has the same preload 
capability as MS-DOS 6.0. And the latest 
version of DR-DOS—now called Novell 
DOS 7 after Novell's acquisition of Digi- 
tal Research— comes with Stacker 3.1 in- 
stead of SuperStor and also adopts the pre- 
load technology. 

IIT's XtraDrive adds still another twist. 
Although XtraDrive loads a device driver 
from CONFIG.SYS like SuperStor and 
DoubleDisk Gold, it handles file I/O a bit 
differently. When you install XtraDrive 
on a hard disk, it relocates the DOS boot 
files elsewhere on the drive and substi- 
tutes its own custom boot files in the boot 
sector. As a result, XtraDrive boots first 
when you switch on the machine, and DOS 
boots immediately afterward. That allows 
XtraDrive to intercept calls to BIOS INT 
13 (disk I/O) and redirect the I/O to its 
own compression routines. 

Because XtraDrive still relies on CON- 
FIG.SYS to load its device driver, it is as 
vulnerable as SuperStor and DoubleDisk 
Gold to CONFIG.SYS problems. If the 
critical command in CONFIG.SYS is ac- 
cidentally deleted or the CONFIG.SYS 
file is trashed or the device driver is some- 
how corrupted, the compressed drive won't 
mount. Users have not lost any data at that 
point, but they will probably be alarmed 
that their compressed : 
drive seems to have van- 
ished. 

The compressed drive is 
still there, of course, but 
it’s not recognized by DOS 
until the problem is cor- 
rected. In a worst-case sce- 
nario, an unsuspecting user 
might panic and do some- 
thing that actually destroys 
the data (e.g., assume the 
data is already lost, refor- 
mat the hard disk, and re- 
install the compression 
software). For these rea- 
sons, the ability to preload 
a device driver indepen- 
dently of CONFIG.SYS is 
considered an important 
safety feature of real-time 
disk compressors. 


Data Integrity 


driver loads into memory, and DOS 
mounts the compressed drive. Compres- 
sion products take significantly different 
approaches in the way they simulate a vir- 
tual drive and organize their internal struc- 
tures. 

For example, DoubleSpace, Stacker, 
SuperStor, and DoubleDisk Gold all sim- 
ulate a virtual drive by creating a single, 
large file on the uncompressed host drive. 
(Microsoft calls it a compressed volume 
file, or CVF.) In other words, the hundreds 
of files stored on your compressed drive 
actually appear on the physical drive as a 
single file. 

It is not just an enormous jumble of 
data, of course —the file mapping is han- 
dled internally by the compression soft- 
ware. (XtraDrive, again, is the exception; 
it stores compressed files in the normal 
fashion.) 

Some people fear that storing every- 
thing in one massive file compromises 
data integrity. However, a number of 
safeguards and cross-checks are built into 
the compression architectures to prevent 
you from losing information even if the 
CVF is corrupted. What's most impor- 
tant is not whether compressed data is 
stored in a CVF or in discrete files, but 
rather the integrity of the compression 
architecture and how readily you can di- 
agnose and repair common problems with 
disk utilities. 

This is the main battleground on which 
compression vendors are waging warfare. 
It also accounts for much of the contro- 
versy over DoubleSpace. 


Disk Fragmentation 


Variable-size compressed clusters 
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16-KB total free space, noncontiguous 


When a compressed drive becomes badly fragmented, it may cause puzzling disk-full errors, 
even when there is enough free space to store the file. This happens when a piece of data 
won t fit into any of the free but noncontiguous variable-size clusters. In this case, ап 8- 
KB chunk of uncompressible data can't be saved on the drive, even though there's 16 KB 
Other safety factors соте of space available. The PC version of Stacker can avoid this dilemma by subdividing the 


into play after the device cluster and storing the pieces in noncontiguous locations. 
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Cluster Bombs 

For instance, a significant difference 
among DoubleSpace, SuperStor, Dou- 
bleDisk Gold, and Stacker 3.1 is how they 
store compressed data. АП handle data in 
8-KB chunks that are compressed to fit 
variable-size clusters. A cluster may con- 
tain | to 16 sectors, each 512 bytes long. 
But only Stacker can subdivide a cluster 
and store the pieces in scattered locations 
on the disk. The others must store a cluster 
in sectors that are contiguous. 

This can lead to problems if the com- 
pressed drive becomes badly fragmented. 
Fragmentation inevitably happens over 
time as you save, delete, and resave files on 
a disk. It happens faster under certain con- 
ditions, but gradually all disks become 
fragmented, especially if they're nearly 
full. Eventually, there's not enough con- 
tiguous free space to save an entire file, 
so DOS has to split up the file and store the 
clusters in various places around the disk. 

Other than slowing down disk I/O, frag- 
mentation isn't a serious problem on an 
uncompressed drive, because the clusters 
are always a fixed size. As long as DOS 
can find enough free clusters, no matter 
where they're located, it can save the file. 
If there aren't enough free clusters, DOS 
returns a disk-full error. 

On a compressed drive, however, things 
are a little more complicated. (Well, a lot 
more complicated.) To begin with, the ac- 
tual size of a cluster varies in direct pro- 
portion to the compression ratio. The goal 
is to more efficiently use the disk space 
that DOS often wastes. 

Because uncompressed 
DOS disks have fixed- 
size clusters (usually 8 
KB), a tiny five-line batch 
file would still occupy a 
| whole cluster. On a com- 
pressed drive, that file 
could be stored in a one- 
sector cluster (512 bytes), 
thus saving 7.5 KB of 
disk space. If you save an 
8-KB file on a com- 
pressed drive and if the 
compressor achieves a 2- 
(0-1 compression ratio, 
the resulting file needs 
only 4 KB and occupies 
a cluster of eight sectors 
(8 times 512 bytes equals 
4 KB). The best possible 
case is a 16-(0-1 com- 
pression ratio (yielding a 
one-sector cluster, 512 
bytes). The worst case is a 
1-:0-1 ratio—no com- 
pression (yielding a 16- 


This offer really stacks up. 


IBM TCP/IP is a robust implementation of 
this standard protocol stack. And it’s the per- 
fect building block for creating client/server 
environments linking a wide number of both 
IBM and поп-ІВМ platforms. Now if you 
order before Feb. 17, 1994, you'll get the IBM 
TCP/IP 2.0 Base Kit for OS/2® or the IBM 
TCP/IP 2.1 Base Kit for DOS/Windows™ for 
just $150 (regular price is $230) and addi- 
tional copies for $130. 

The DOS/Windows Base Kit incorporates 
all standard applications (Telnet, Mail, FTP, 
LPR, SNMP) with easy-to-use GUIs. Other 
kits include NFS,? NETBIOS and program 
development support including the Windows 
Sockets API. The OS/2 Base Kit also offers all 


the standard applications as well as new 


features like Network News, CID support for 
remote installation, and Workplace Shell" 
Integration. Additional kits are available for 
X Window System," DOS/Windows Sockets 
applications support, NFS, NETBIOS and 
program development support. 

Power, flexibility and value. The reasons 
for buying IBM TCP/IP keep stacking up. 
So call 1 800 IBM-CALL, ext. S83, and 
order today! It’s a smart way to spell inter- 
operability. 


Making networks work 


(BM and 05/2 are registered trademarks and Workplace Shell is a trademark of International Business Machines Corporation. NFS is а registered trademark of Sun 
Microsystems, Inc. Windows is а trademark of Microsol Corporation X Window System is а trademark of Massachusetts Institute of Technology. ©1993 IBM Corp. 
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Uncompressed DOS drives normally store data in fixed-size clusters of 8 KB. (Macintosh clusters 
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are also fixed size, but the size varies depending on the drive capacity.) Compressed drives store 
data in clusters that vary in size according to the compression ratio. A cluster may be as small as 512 
bytes (assuming a 16-to-1 compression ratio) or as large as 8 KB (if the data is uncompressed). The 


average is about 4 KB (2-to-I compression). 


sector cluster, 8 KB). 

OK, so far. But what if the compressed 
drive is badly fragmented and DOS can't 
find enough contiguous sectors to store a 
cluster? Stacker 3.1 will break up the clus- 
ter into smaller pieces (known as extents) 
and fill in the holes. DoubleSpace, Super- 
Stor, and DoubleDisk Gold can't do this. 
Instead, they return a disk-full error—even 
if there's actually enough free space on 
disk to save the file. 

The problem gets worse if you're trying 
to save data that can't be compressed. Per- 
haps the file is encrypted or has already 
been compressed with PKZip or is being 
downloaded as a GIF (CompuServe's 
compressed file format for graphics). The 
8-KB cluster can't be compressed any fur- 
ther, so it needs 16 contiguous sectors (16 
times 512 bytes equals 8 KB). Even if the 
compressed drive has megabytes to spare, 
DoubleSpace, SuperStor, and DoubleDisk 
Gold can't save the file if they can't find 8 
KB of contiguous free sectors. 

In theory, the compressed drive could 
have hundreds of megabytes free and still 
return а disk-full error because of a sin- 
gle cluster that won't fit in the holes. In 
reality, could a drive actually become that 
severely fragmented? Not likely, in nor- 
mal use. But Blossom Software (Cam- 
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bridge, MA), which sells a diagnostic util- 
ity called DoubleCheck, gives away a 
small program called Bust that demon- 
strates the problem. 

Bust deliberately fragments a Double- 
Space drive and then attempts to save a 
file that won't fit within the clusters. (Don't 
try this on a drive with important data.) 
According to Alan Feuer, director of soft- 
ware development at Blossom, DOS 6 
sometimes won't return a disk-full error 
but, instead, reports that the file was suc- 
cessfully saved. Result: a trashed file. 
Feuer says Microsoft fixed the problem in 
DOS 6.2. 

Microsoft denies such a bug exists, but 
those who are curious can find Bust in the 
IBM Forum on CompuServe. (Microsoft 
removed it from the MSDOS Forum.) 

Of course, you can avoid all these prob- 
lems by defragmenting the compressed 
drive (e.g., using either DOS's DEFRAG 
or a third-party utility) on a regular basis; 
however, some users are not very atten- 
tive to system maintenance. What they 
need is some kind of background defrag- 
ging that functions as transparently as 
background compression. AddStor sells a 
product called DoubleTools for Double- 
Space that—among other things—pro- 
vides this important function. 


FAT Structures 

Stacker drives get fragmented just as eas- 
ily as other compressed drives, but since 
they can subdivide clusters, there's less 
chance you'll encounter a mysterious disk- 
full error. The PC version of Stacker (but 
not the Macintosh version) can do this be- 
cause it has an additional mapping table 
that keeps track of the scattered extents. 
The extra table is an extension of the FAT 
(file allocation table), which DOS uses to 
allocate clusters. 

Here's yet another area where com- 
pression products differ. They each take 
a slightly different approach to how they 
organize and verify the integrity of the 
FAT and related mapping structures. Nat- 
urally, each vendor claims its approach is 
the most reliable. 

If a disk's FAT gets corrupted, DOS 
won't know which clusters of data belong 
to which files. If you can't repair the dam- 
age, the result could be lost data. For safe- 
ty, therefore, DOS normally keeps two 
copies of the FAT on an uncompressed 
disk. Stacker and XtraDrive also keep two 
FATs on their compressed disks. Double- 
Space, SuperStor, and DoubleDisk Gold 
keep only one FAT. 

The argument for keeping two FATs is 
redundancy: If one FAT gets trashed, a re- 
pair utility can try to restore it with infor- 
mation from the second FAT. The argu- 
ment for keeping one FAT is simplicity: If 
two FATs somehow get out of synchro- 
nization, which опе is correct? 

This could happen if your computer 
crashes or the power fails while saving a 
file on a compressed drive. The disk /O 
might be interrupted after DOS has up- 
dated only one copy of the FAT. It's even 
more likely if you're using writeback disk 
caching, because the FAT update could 
be delayed a few seconds. (One of the 
changes between MS-DOS 6.0 and 6.2 is 
that SmartDrive's writeback caching is 
now turned off by default.) 

Microsoft contends that not only are 
two FATs unnecessary, but that the extra 
mapping table Stacker uses to subdivide 
clusters adds yet another layer of com- 
plexity to an already complex scheme. In 
fact, compressed drives from all vendors 
have internal mapping structures that are 
much more complex than ordinary drives 
because they have to keep track of such 
things as variable-size clusters and com- 
pression ratios. DoubleSpace, for exam- 
ple, supplements the normal FAT with a 
BitFAT and an MDFAT. Stacker’s map- 
ping table for extents adds a third level of 
indirection beyond the FAT and the vari- 
able-size cluster mapping. 

That's too complicated, says Benjamin 
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anao, the technical leader in monitors has done it 
again. In addition to being the top choice of 
todays CAD/CAM, DTP and Windows users, 
Nanao's award-winning FlexScan monitors 
now have a remarkable energy-saving system — 
PowerManager works with all green com 
systems including VESA DPMS (Display Power 
Management Signaling). But users don't have to 
Own а new green computer in order to take | 
advantage of the PowerManager to save energy. Our 
PowerManager works with any existing PCs with a screen 
saver software, including Windows 3.1 and After Dark. 
Activating when the blank screen of the screen saver a 
PowerManager cuts operating power to less than 8% pom 
consumption. It also automatically powers the monitor down 
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to a stand-by mode when the computer is turned off. The 


PowerManager can save users as much as $63 per year 4 FRE 
on utility bills (Source: E Source). PowerManager has ДЕ 
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energy-saving monitors feature superior Invar 

Shadow Mask and Trinitron CRTs with non-flicker 

ultra-high resolution. Their ergonomic features 

include VE. with MPR-I/TCO low radiation emission 

standards and anti-reflective treatments. Best of all they can 
power down, So when you're not working, neither are they. 

Nanao FlexScan monitors. Intelligendy designed. Incredibly 

useful. And now, built to help protect our environment by 


reducing energy consumption. 
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“Тһе device driver for the compressed drive loads during bootup before CONFIG.SYS 
! The compressed virtual drive appears on uncompressed host drive as a large, single file 
з Compression software can subdivide a cluster to store data in noncontiguous sectors 


* Number of file allocation tables on the compressed drive 


* PC-DOS 6.1 only 


W. Slivka, development leader for MS- 
DOS. Slivka says third-party tool vendors 
complain that Stacker's architecture is 
more difficult to support. While true, that 
hasn't stopped the tool vendors. Most of 
the major diagnostic and repair utilities 
support both DoubleSpace and Stacker, 
although there's less support for Super- 
Stor, DoubleDisk Gold, and XtraDrive, 
which don't command as much market 
share. 

АП disk compressors also come with 
their own utilities, and these tools are 
tailored for their unique compression ar- 
chitectures. Often, they try to turn com- 
plexity into an advantage by performing 
extensive cross-checks between the various 
mapping structures. XtraDrive, for exam- 
ple, compares both copies of the com- 
pressed drive's FAT during bootup. If they 
don't match, the user is advised to run a 
program called VMU (Volume Mainte- 
nance Utility). VMU tries to figure out 
which FAT is correct by checking file 
links, mapping tables, and free clusters. 


Strange Interactions 

Anytime something as complex as real- 
tme disk compression is introduced into an 
environment as unruly as DOS, there are 
bound to be unforeseen consequences. 
When a mysterious problem can be traced 
at all, often it's not directly caused by the 
compression software itself. but rather by 
interactions among various elements of 
the system (see the text box "Data Loss: A 
Cautionary Tale" on page 64). 

Microsoft has compiled a list of soft- 
ware that may not work on a DoubleSpace 
drive, including protected copies of Lotus 
[-2-3 release 2.01, Informix relational data- 
base, MultiMate 3.3/4.0, the DOS version 
of Quicken, Movie Master 4.0, Tony La 
Russa Baseball II, Empire Deluxe, Links. 
Ultima, and others. Some of these programs 
won't run on any compressed drive, and 
the reasons vary widely, ranging from 
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tricky copy-protection schemes to their 
handling of temporary files. 

Different versions of the ROM BIOS 
are known to cause problems, too. Some 
BIOS chip sets don't properly handle an in- 
terrupt call made by DBLSPACE.BIN dur- 
ing bootup, resulting in stack corruption. 
The DOS 6.2 version of DBLSPACE.BIN 
doesn't call this interrupt. 

Writeback disk caching has also been 
singled out for blame. Some users are in 
the habit of switching off their computers 
immediately after quitting an application or 
even without quitting. If the disk cache 
isn't flushed before the power goes down, 
open files may not be closed properly, and 
the FAT may not be updated. It's a small 
problem that can snowball, eventually cor- 
rupting multiple files. DOS 6.2 now makes 
sure the cache is flushed before redisplay- 
ing the DOS prompt on the screen, but 
what DOS really needs is a controlled shut- 
down procedure like that of Windows NT, 
Unix, and the Mac. 

Another interaction is possible with the 
MS-DOS FORMAT command. Many 
users scan their hard disks with utilities 
that check the media for surface errors and 
then mark those bad sectors so that they'll 
never be allocated to files. The bad sec- 
tors are deallocated in the FAT. But what 
most people don't know is that FORMAT 
rewrites the FAT and may reset the bad- 
sector flags, thus freeing those sectors for 
allocation to files. 

This little detail stumped some users 
who backed up and reformatted their hard 
drives before installing MS-DOS 6 and 
DoubleSpace. Their idea was to clean off 
the disk and reduce the considerable 
amount of time it can take to compress a 
crowded drive. Ironically, it's the kind of 
thing only a power user would think of; it 
probably wouldn't occur to a casual user. 

But if they didn't immediately follow 
the reformat with another disk scan, there's 
a chance at least one file would end up in 


a sector previously marked as bad. Some- 
times that file happened to be the Double- 
Space CVF. And what happened next de- 
pended on the kind of data stored in that 
sector. If it was part of an executable file, 
the program would probably crash. If it 
was part of a data file, information could be 
lost. Either way, the hapless user was in 
the dark. 

Why wasn't this problem discovered 
before MS-DOS 6 and DoubleSpace? Af- 
ter all, the FORMAT command has 
worked the same for years. But apparent- 
ly, it wasn't noticed or considered impor- 
tant until data compression made the en- 
vironment more precarious. 

Fortunately, Microsoft says it has 
changed the FORMAT command in DOS 
6.2 so it doesn't reallocate bad sectors 
marked in the FAT. Also, a new utility in 
DOS 6.2 (ScanDisk) automatically checks 
the drive for bad sectors before installing 
DoubleSpace. 

Only a tiny minority of users would be 
affected by something like this, but that's 
potentially a lot of people when multiplied 
across the huge installed base of MS-DOS. 
In fact, MS-DOS 6.0 and DoubleSpace 
have inspired a whole cottage industry of 
diagnostic programs, fix-it tools, and free 
advice on public networks. 4 

Touchstone Software (Huntington 
Beach, CA), which sells a disk utility 
called Checkit Pro, inadvertently upset 
Microsoft by posting a free program on 
CompuServe last summer that scans a hard 
disk for bad sectors. Touchstone was 
among the first to identify the FORMAT 
problem. Company president Shannon 
Jenkins says her small company got in hot 
water with Microsoft, but she added, “1 
think the release of DOS 6.2 has borne us 
out...the things we talked about back in 
June have now shown up in DOS 6.2." 

Microsoft was the first company to en- 
courage users to install data compression 
without taking security measures. "Just 
press Return, and you'll get data com- 
pression and writeback caching and lots 
of other stuff," says Jenkins. “Microsoft 
should have encouraged users to take a 
more cautious approach." 


Hardware Compression: Full Circle? 


. Microsoft has a golden opportunity to 


clean house with the upcoming release of 
Windows 4.0 (code-named Chicago). As а 
major revamping of the PC environment, 
Windows 4.0 could sweep away years of 
old code and build a new foundation that's 
designed from the ground up to accom- 
modate such features as data compression. 

However, there's another possibility: 
By submerging compression even deeper 
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than the operating system, it could be made 
even more transparent and foolproof. 
What’s deeper than the operating system? 
The hardware. 

Once again, hardware-based data com- 
pression is an old idea. Back in the days 
when 8086- and 286-based PCs were the 
norm, there was a market for plug-in ISA 
boards that sat on the I/O bus, compressing 
and decompressing data on its way to and 
from the hard drive. The compression al- 
gorithms were hard-wired into high-speed 
chips. Real-time compression couldn’t be 
done in software back then because CPUs 
weren’t fast enough. Not until speedy 386 
microprocessors became available could 
software-based compressors work in real 
time without noticeably affecting system 
performance. And the plug-in boards be- 
came obsolete because they were con- 
strained by the slow speed of the ISA bus. 

Hardware-based compression still sur- 
vives in tape backup units, where it’s so re- 
liable and transparent that users scarcely 
know it’s there. In fact, the widespread 
QIC (quarter-inch cartridge) compression 
standard for tape backup originated at Stac 
in the mid-1980s. 

Now Stac and other companies are tak- 
ing another look at hardware compression. 
The potential advantages are many: Better 
integration with the system; more trans- 
parency to users; greater compression ra- 
tios; improved system performance; and, 
perhaps, faster networking. 

Speedy local buses such as VL-Bus and 
PCI (Peripheral Component Interconnect) 
are appearing in more new PCs, thus solv- 
ing the ISA constraint. Hardware com- 
pression would require little or no instal- 
lation or intervention by the user. Greater 
compression ratios are possible because 
high-speed compression chips can use 
more complex algorithms. They also free 
the CPU for other tasks and don't occupy 
memory, as software-based compressors 
do. Finally, by keeping the data com- 
pressed as it moves through the computer 
and over networks, hardware-based solu- 
tions can dramatically improve overall sys- 
tem performance. 


The Future of Compression 

What kinds of performance gains are pos- 
sible? Stac says it already has a prototype 
VL-Bus card that compresses data 20 per- 
cent to 50 percent faster than software- 
based compressors and uncompresses 10 
percent to 30 percent faster. But that's just 
a start. 

Software compressors currently work at 
about | MBps on a 66-MHz 486, and about 
2 MBps on a Pentium. By next year, Stac 
says it will have compression chips capable 
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Safety Tips for Disk Compression 


* |f you're using MS-DOS 6.0, you should 
upgrade to 6.2. 

* Before installing compression, prepare 
your hard disk by cleaning off all unwanted 
files and then running a defragmenter and 
a thorough surface test. (This may take a 
few hours.) 


* Back up the hard disk, just in case. 


* Read the installation instructions carefully, 
especially any warnings about disabling in- 
compatible TSRs or other programs. 

* After installing compression, be conscien- 
tious about system maintenance. Regularly 
run a defragger and any diagnostic utilities 
that came with the product. 

* Consider buying a good third-party 
diagnostic/repair utility to supplement 
{һе standard utilities. 

* Try to avoid completely filling the 
compressed drive. 

* Avoid saving encrypted files or files that 
are already compressed (е.р., ZIP, ARC, 
and GIF) on the compressed drive. They 
can't be compressed any further, and 
they'll load faster from an uncompressed 
drive. 


* Hard disk space currently costs about a 
dollar per megabyte; if you can afford to 
upgrade and your system has room to 
expand, it's still the best solution. 


of 10 to 20 MBps; in two or three years, 
50 to 60 MBps. Of course, CPUs will get 
faster, too, but not anywhere near that pace. 

The compression chips could be built 
right onto the motherboard and would add 
about $100 to the street price of a com- 
puter, according to Stac. They'll probably 
show up first in high-end systems. 

Last year, Stac made a deal with Nov- 
ell to license the Stacker compression 
technology for use in Novell DOS 7 and 
all networking software. “Stac’s vision is 
that data should need to be compressed 
only once," says John Bromhead, Stac's 
vice president for marketing. "After it's 
compressed, it should stay compressed 
whether it's transferred to disk or tape or 
across a network or through the system 
or whatever." 

That's also IBM's vision. IBM Micro- 
electronics is introducing a series of com- 
pression chips that couple directly to the 
CPU. According to Ted Lattrell, develop- 
ment manager, the first chip already com- 
presses data at 40 MBps, and future ver- 
sions could hit 100 MBps. Lattrell says 
the chips have already attracted interest 
from PC and workstation vendors, who 
are planning to introduce systems later this 
year or in early 1995. 

“Once it happens—once compression 


is hard-wired into the first system—there's 
no going back," says Lattrell. “А system 
without built-in compression would be at 
a disadvantage in the marketplace. I think 
hardware compression will alter the way 
data is represented inside computers for 
years to come." 

Indeed, IBM is researching the possi- 
bility of putting ultraspeed compression 
chips on the CPU's memory bus. That 
would do for RAM what disk compres- 
sors do for hard drives—effectively dou- 
ble the computer's main memory. 

Beyond that, it's possible that com- 
pression chips will eventually be integrat- 
ed within the CPU itself, just as math co- 
processors migrated to CPUs on the 
486DX and 68040. Today's 0.8-micron 
process technology makes about 625,000 
gates available on a chip, and IBM's com- 
pression engine requires only 75,000 gates. 
Soon, 0.5-micron processes will enable 
about I.3 million gates, and IBM hopes 
to shrink the compression engine down to 
only 40,000 gates. That makes built-in 
compression a real possibility for high- 
end microprocessors, such as the PowerPC 
620 under development by IBM, Motoro- 
la, and Apple. 

One drawback to hardware compres- 
sion is that it creates a problem when you 
transfer files over a network or by re- 
movable disks to systems that don't have 
the same compression hardware. А simi- 
lar problem exists with software com- 
pression, and it's usually solved by in- 
cluding a decompression driver with the 
file or the media. 

À more important consideration is that 
hardware compression, although an old 
idea, will nevertheless be as new to most of 
today's users as software compression was 
before DoubleSpace. 

"When you stick this hardware com- 
pression into the system, people are go- 
ing to wonder how it affects their soft- 
ware-based compression," says Phi] Devin, 
vice president of storage technologies for 
Dataquest (San Jose, СА). "Do their com- 
pressed files get compressed again? Is there 
a conflict? Here comes one more level of 
uncertainty that's going to be an inhibiting 
factor at first." 

Devin recently wrote a newsletter de- 
bunking the idea that data compression of 
any kind is a free lunch—an idea that par- 
ticularly caught hold when Microsoft start- 
ed bundling DoubleSpace with DOS 6. 
"It's not something for nothing," he says. 
"It's something that takes work." Ш 


Tom R. Halfhill is a BYTE senior news editor 
based in San Mateo, California. You can reach 
him on the Internet or BIX at thalfhillQ bix.com. 
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State of the Art 


TODAY’S COMPILERS 


It’s a brave new world for compiler makers. New CPUs, new operating systems, and demands for 
programmer productivity call for compilers that produce faster code —and produce code faster. 
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few years ago, compilers seemed 

simple enough. Steadily improving 
optimization techniques meant that each 
year’s compilers would generate code just 
a little bit faster than last year’s models. 
Most companies making compilers, and 
most programmers using them, focused 
оп a single computing platform—PCs, 
Macs, Unix workstations, or IBM main- 
frames. And to a large degree, a compiler 
was just a compiler. 

Those days are now gone. New CPUs 
including the Intel Pentium, the IBM/ 
Apple/Motorola PowerPC, and the DEC 
Alpha are suddenly major targets for soft- 
ware development. Software developers 
now need easier ways to write for DOS, 
Windows, Mac, OS/2, Windows NT, 
Unix, and other operating systems—if pos- 
sible, all at the same time. 

And the compiler is now just one part of 
a complete development environment de- 
signed to help create clean, fast code. 
"Managing the sheer complexity of the 
development process is a big problem," 
says Michael Hyman, business unit man- 
ager for languages at Borland Internation- 
al. Management today must coordinate the 
efforts of multiple, Jarge, perhaps geo- 
graphically dispersed project teams, when 
one group may be working on a feature 
upgrade and another doing a cross-plat- 
form port of the same application. Code 
testing, source code control, and limita- 
tions of development tools must be ad- 
dressed head-on. 

Compiler vendors say they're up to the 
challenge. They have sophisticated prod- 
ucts today and even more complex plans 
for the future, all aimed at improving pro- 
grammer productivity on an ever-widening 
selection of platforms. In the world of soft- 
ware development, programming demands 
are becoming more complicated and pro- 
gramming schedules shorter. Programmers 
need all the help they can get. 


Shock Wave 

The biggest shock for most programmers 
is the sudden requirement that they support 
a wave of new processors. For nearly a 
decade, two CPUs dominated mass-mar- 
ket software: the Intel 80x86 family for the 
PC and the Motorola 680x0 for the Mac. 
Expert programmers could fine-tune code at 
the assembler level to optimize code. 

No more. Apple's next generation of 
Macs will use the IBM/Apple/Motorola 
PowerPC CPU, but Apple will still offer 
680x0-based Macs. Microsoft has already 
provided its NT operating system with 
compiler support for the Alpha and Silicon 
Graphics’ Mips R4000 CPUs. NT is also 
reportedly being ported to other proces- 
sors, including SPARC (by Intergraph) 
and PowerPC (by Motorola). 

It’s not just the CPU population that's 
exploding, either. Where once DOS, Win- 
dows, and the Mac reigned supreme, there 
is currently a dizzying array of systems to 
write to, including OS/2, NextStep, 
Win16, Win32s. Win32c, a more unified 
Unix, and forthcoming systems such as 
Taligent and IBM's Workplace OS. Most 
developers will eventually need to sup- 
port them all. 

Personality emulators that run off-the- 
shelf software handle only part of this new 
multiplatform requirement. Most new ap- 
plications will have to be recompiled for 
several different platforms. The choice of 
tools and procedures is critical, for it may 
be necessary to provide capabilities that 
are not native to the target platform. 

Major compiler makers have already 
leaped to fill the cross-platform gap—each 
with a different strategy. For example, Mi- 
crosoft no longer supports OS/2 with its 
compilers. But Microsoft fully supports 
Windows on multiple CPUs, and it plans to 
support Mac development from the same 
code base on both 680x0 and PowerPC- 
based Macs, starting sometime this year. 


In contrast, Borland supports OS/2, DOS, 
and several varieties of Windows—but 
only on 80x86-based PCs. However, Bor- 
land also claims better compliance with in- 
dustry language standards. Its C4-4- devel- 
opment system includes class libraries from 
Rogue Wave Software that allow much 
easier porting of code to Unix workstations. 

Symantec supports PC and Mac devel- 
opment with separate compiler products, 
although the company claims that both 
products use its common-core compiler 
technology, which makes porting easier. 
Symantec licenses class libraries from Mi- 
crosoft and is Apple's official partner in 
creating compilers for the PowerPC Macs. 

Watcom International supports DOS, 
OS/2, and 80x86-based Windows plat- 
forms, as well as NLMs (NetWare load- 
able modules) for Novell networks. Other 
vendors, such as MetaWare and Liant, 
span the PC and Unix worlds. And even 
Unix-only compiler makers (e.g., SunPro) 
are targeting SPARC, 80x86, and Power- 
PCs (see "Developing for Multiple Plat- 
forms" on page 91). 


To C or Not to С 
To support such a wide range of platforms, 
С++ has emerged as the programming lan- 
guage of choice. “С++ brings the benefits 
of OOP together with the power and flex- 
ibility of C, which gives you explicit con- 
trol over what the machine's doing," ex- 
plains Dave Boswell, vice president of 
marketing and sales at Watcom. 
Although С++ supports C programming 
constructs, it is decidedly a different lan- 
guage that requires its own techniques and 
supporting tools. But C++’s object-ori- 
ented nature, along with its ability to use 
class libraries that simplify portability to 
different CPUs and operating systems, put 
it at the center of the compiler strategies of 
Microsoft, Borland, and other vendors. 
Still, C++ isn't alone as a development 


Today's Compilers Optimizing for Developing for Compilers for 

Compilers have to support Today's CPUs Multiple Platforms Parallel CPUs 

new CPUs and operating Form doesn't always follow Designing applications for Tailoring tools to machine 
function ..............£3 31. 


ILLUSTRATIONS: MAAK FISHER © 1994 


portability........... D L 


architecture........9 7 


FEBRUARY 1994 BYTE 77 


language. FORTRAN is still in demand 
for scientific applications. Ada, after near- 
ly a decade of development in primarily 
military environments, has come into its 
own for applications requiring high relia- 
bility and code reuse. And older languages 
such as Pascal and especially COBOL are 
still in wide use. Indeed, COBOL remains 
the most widely used programming lan- 
guage for mainframe and other transac- 
tion-oriented business applications. 

To meet the demand for multiple lan- 
guages, compiler vendors increasingly use 
the same core compiler for several lan- 
guages. Even fully integrated compilers 
first parse the source code into an inter- 
nal code that can then be used to generate 
optimized code for the target platform. By 
changing only the source code parser, com- 
piler vendors can get several compiler 
products from a single code-generating 
"back end." For programmers, a common 
back end means it's easier to combine 
modules written in different programming 
languages into a single final application. 


The Productivity Challenge 
There's also a renewed demand for faster 
development. ISVs (independent software 
vendors) and programmers in corporate 
MIS departments are under increasing 
pressure to turn out better programs faster. 
For ISVs, the issue is simple competi- 
tion. Time-to-market and software quality 
have become crucial; a few months’ de- 
lay or serious flaws in a product can cost a 
major vendor millions of dollars in sales— 
ог even its existence. One-time software 
giants (e.g., Ashton-Tate, whose dBase IV 
was first delayed and then buggy) arc tes- 
timony to what can happen when software 
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products are late or less than perfect. 
Corporate MIS departments face differ- 
ent business demands, but the goal is the 
same: They, too, need to complete appli- 
cations faster and without bugs to gain an 
edge over the competition. Although the 
newest compilers often come with tools for 
generating GUIs, many corporate develop- 
ers are opting for 4GLs (fourth-generation 
languages) and other rapid, high-level 
applications development tools for simple 
applications. In many cases, corporate 
developers may use traditional compilers 
only for their most demanding projects. 


For Professionals Only 
Because of the challenges of graphical en- 
vironments and multiple platforms, profes- 
sional developers—not casual or occasion- 
al programmers—are the chief market for 
top-flight development tools. As a result, 
both compilers and the tools programmers 
use with them are more sophisticated. 
The goal is improved productivity. One 
solution will always be faster compilers 
that produce reliable, efficient code. De- 
livering this requires ever more sophisti- 
cated optimization and scheduling strate- 
gies. Another emerging key to programmer 
productivity is improved links between 
the compiler and other development tools, 
including debuggers, profilers, browsers, 
and even editors. “Тһе days are gone when 
people would just buy stand-alone com- 
mand-line compilers,” says Gene Wang, 
executive vice president for applications 
and development tools at Symantec. 
Development tools generate informa- 
tion about the code they process. Past tools 
were independent, unaware of one another, 
and they discarded much of the informa- 


tion they generated. As a result, compilers 
duplicated the work of syntax-checking 
editors and couldn't usc the information 
that profilers and debuggers produced to 
optimize the code. Tools that continually 
re-created information about code cost pro- 
grammers time—and productivity. 

Today, sets of completely independent 
tools are rarer. Instead, an IDE (Integrated 
Development Environment) links compil- 
ers, editors, class browsers, and source- 
level debuggers. Borland, which popular- 
ized integrated development in the 1980s 
with Turbo Pascal, is still a leader, but Mi- 
crosoft and Symantec have joined it with 
Visual C++ and Integrated Development 
and Debugging Environment, respective- 
ly, as have other compiler makers. 

Tools that communicate with each other 
can dramatically reduce the time it takes to 
create and debug code. Once, such inte- 
grated tool sets would have been called 
CASE systems; today, they're just state-of- 
the-art compiler products. But there's still 
room for progress. 

Compiler-generated information is rou- 
tinely available to other tools, but the in- 
formation produced by those tools is rarely 
available to the compiler. For example, 
compilers still cannot automatically use 
test results to further optimize code. That 
requires full-scale development databases 
that store everything from symbol tables to 
profile and test results, giving the compil- 
er a wide range of information to improve 
optimization. 


Putting It all Together 

Improving programmer productivity is not 
just in the hands of programmers or com- 
piler makers. Modern operating systems 
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SIAM: 


STATISTICA/w™ (for Windows) Complete Statistical Sys- 
tem with thousands of on-screen customizable, presentation-quality 
graphs fully integrated with all procedures m Complete Windows 3.1 
support, DDE, OLE, TT-fonts, multiple toolbars, right mouse button 
support m Unlimited numbers of data-, results-, and graph-windows 
Inter-window integration: data, results, and graphs can be treated 
as objects and converted into one another in a number of ways 
The largest selection of statistics and graphs іп a single system; 
comprehensive implementations of: Exploratory techniques; multi- 
way lables with banners (presentation-quality reports); nonpara- 
metrics; distribution fitting; multiple regression; general nonlinear 
estimation; stepwise logit/probit; general ANCOVA/MANCOVA; step- 
wise discriminant analysis; log-linear analysis; factor analysis; clus- 
ter analysis; multidimensional scaling; canonical correlation; item 
analysis/reliability; survival analysis; time series modeling; forecast- 
ing; lags analysis; quality control; process analysis; experimental de- 
sign (with Taguchi); and much more m Manuals with comprehen- 
sive introductions to each procedure and examples m Hypertext- 
based Stats Advisor expert system m Extensive data management fa- 
cilities (spreadsheet with long formulas, block operations, ad- 


vanced Clipboard support, DDE hot links, relational merge, data ` 


verification, powerful programming language) m Batch command 
language and macros also supported, “turn-key system” options 
All output displayed іп Scrollsheets™ (dynamic, customizable, pres- 
entation-quality tables with toolbars, pop-up windows, and instant 
2D, 3D and multiple graphs) m Extremely large analysis designs 
(e.g., correlation matrices up 10 32,000x32,000, unlimited ANOVA 
designs) m Megafile Manager with up to 32,000 variables (8 Mb) 
per record m Unlimited size of files; extended (“quadruple”) preci- 
sion; unmatched speed m Exchanges data and graphs with other ap- 
plications via DDE or an extensive selection of file import/export fa- 
cilities ш Hundreds of types of graphs, including categorized multi- 
ple 2D and 3D graphs, matrix plots, icons, and unique multivariate 
(e.g., 4D) graphs m Facilities to custom design new graphs and add 
them permanently to menu m On-screen graph customization with 
advanced drawing tools, interactive stretching and resizing of com- 
plex objects, interactive embedding of graphs and artwork, special 
effects, icons, maps, multi-graphics management, page layout con- 
trol for slides and printouts; unmatched speed of graph redraw 
Interactive rotation, perspective and cross-sections of all 3D and 4D 
graphs m Extensive selection of tools for graphical exploration of 
data: fitting, smoothing, overlaying, spectral planes, projections, lay- 
ered compressions, marked subsets в Price $995. 


Quick STATISTICA/w™ (for Windows) А comprehen- 
sive selection of basic statistics and the full graphics capabilities of 
STATISTICA/w m Price $495. 


STATISTICA/pos" (for DOS) А STATISTICA/w-compat- 
ible data analysis system ш Price $795. 


Quick STATISTICA/pos" (for DOS) А subset of STA- 
TISTICA/as statistics and graphics ш Price $295. 


Domestic sh/h $10 per product; 14-day money back guarantee. 
Circle 141 on inquiry Card. 


/WStatSoft 


2325 E. 13th St. • Tulsa, OK 74104 • (918) 583-4149 
Fax: (918) 583-4376 


Overseas Offices: Statsoft of Euro ا‎ FAG), ph: 040/ 
4200347, fax: 040/4911310; StatSoft UK (London, UK), 0462/482822, 
fax: 0462/482855, StatSoft Pacific (Melbourne, Austr ia), ph: (03) 663 


comprehensive data analysis and graphics system designed for the Macintosh 

Large selection of statistical methods fully integrated with n-quality 
graphics (incl. EDA, multiplots, a wide selection of interactively rotatable 3D 
graphs; MacDraw-style tools) m Unlimited size of files m Full support for System 
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STATISTICA/Mac™ (for Macintosh) А STATISTICA/w-compatible, 


7, incl. "Publish and Subscribe" m Price $695. 
Quick STATISTICA/Mac™ (for Macintosh) A subset of STATIS- 


pabilities of STATISTICA/Mac іш Price $395. 


6580, fax: (03) 653 6117: StatSoft Canada-CCO y tario), ph: 416-849-0737, fax: 416-B49-0918. Available From: CORPORATE SOFTWARE and other Authorized Representatives Worldwide: Hol- 


land: МАВ Julsing, 071 -230410; France: Version U 


1) 40590913; Sweden: AkademiData 018-240035; Hungary: Dagent Kit 186-5782; Belgium: TEXMA 10 61 16 28; South Africa: Osiris 12 663-4500; 


Japan (Macintosh): Three's Company, іпс., 03-3770- жо; Japan (DOS and Windows): Design Technologies, Inc., 03-3667-1110. 
StatSoft, STATISTICA/W, Quick STATIS TICAM, STATISTICA Nac, Quick STATISTICA/Mac, STATISTICA/DOS, Quick STATISTICA/DOS, and Scrolisheet аға trademarks of StatSolt. inc. 


are doing more for the programmer than 
ever before. Progressively more function- 
ality is being built into operating systems 
like Unix, OS/2, and NT—not just GUIs 
but also networking, security, and object 
management. 

Operating-system vendors estimate that 
anywhere from 50 percent to 90 percent 
of a typical application's time is spent with- 
in the operating system, rather than exe- 
cuting application-specific code. Of course, 
as programmers let the operating system 
do more of the work, there's less opportu- 
nity for the compiler to improve speed by 
optimizing raw code. But a sophisticated 
compiler can also optimize in terms of the 
operating-system programming interfaces. 

Two programming approaches are help- 
ing to lift programmers' workloads. One 
is the use of class libraries—a step made 
possible by the popularity of C++. Class 
libraries such as MFC (Microsoft Founda- 
tion Class) and Borland's Object Windows 
Library are more than the object-oriented 
equivalent of function libraries. Instead, 
they insulate the programmer almost com- 
pletely from the operating-system depen- 
dencies that make it difficult to port soft- 
ware from one platform to another. In fact, 
Microsoft plans to use the MFC libraries to 
let programs written for the Win32s pro- 
gramming interface be recompiled, without 
change, to run on the Mac. 

The other approach that's helping pro- 
grammers is the dynamic shared library — 
better known in the Windows environment 
as a DLL. In the past, when applications 
were compiled, all library function code 
had to be incorporated into the applica- 
tion. But in modern operating systems, 
ranging from Windows to Unix versions 
(e.g., Sun's Solaris), it's possible to call 
shared libraries instead. What's the ad- 
vantage? Shared libraries can be upgraded 
independently. And since several applica- 
tions may share the library, they're all im- 
proved at once—in theory. But one prob- 
lem with shared libraries rears its head 
among Windows DLLs—the case where 
a DLL is "improved" in such a way that it 
benefits one particular application but can 
break other software that uses the DLL. 

Class libraries, DLLs, integrated tool 
sets, and other features of the latest gen- 
eration of compilers make them far more 
complex than past compilers—both for 
the vendors who make them and the pro- 
grammers who use them. But strange as 
it sounds, these complex approaches ac- 
tually make it easier, not harder, for pro- 
grammers to do the things they need to do 


80 BYTE FEBRUARY 1994 


М СОАО Todays Compilers 


` Compiler Benchmarks: How Useful? 
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а TT compiler comparison. 


Benchmarks offer an easy way to quantify compiler perfor- 
mance, making lots of spiffy tables. Unfortunately, those ta- 
Ме are often not the best way to evaluate a compiler’s perfor- | 


Do run-time benchmarks say anything useful about a real application? For example, 
Dhrystone is a collection of small code fragments that exercise various language fea- 
tures. There’s probably no relationship between the frequency of a fragment in the 
benchmark and the frequency of similar code in one of your programs. | AU 


A test that uses array indexing is not helpful if you use pointers. Бог; а run- time | "n 


benchmark to be meaningful, you 'd have to do a statistical analysis. of you own 2474 | ji 
and adjust the benchmark to match your coding style. A benchmark developed i in this - 
way will have no meaning when applied to a different coding style. The only way to re- 
ally judge is to compile several real applications, not arbitrary benchmarks. Even then, 
compilers that perform better with some applications will perform worse with others. 
Match the benchmark to the language. For C++ compilers, for example, test the 
efficiency of the in-lining rocess, the mechanisms that a binary-operator overload 
function uses for retum statements, the way that virtual-function dispatching and 
virtual-base classes are handled. These concerns often outweigh the efficiency of a 


switch statement. 


` The range in efficiency of various compilers i is usually insignificant when compared 
to the speed and size improvements that you can get by editing your code and rework- 
ing your algorithms. Most programs are 50 percent larger and 30 percent slower than 
necessary. Algorithmic changes (e.g., using a shell sort instead of a bubble sort) can 
improve performance by a factor of two or more. Even small code improvements (e.g., 
using pointers to go through arrays) can give you a measurable benefit. 

Compile-time benchmarks are worthless. You're really interested i in the develop- 
ment time of a large project over the complete development cycle. Time staring at the 
screen while the compiler works is indeed a factor, but so is the quality of the run-time 
library (a well-written library can save you months), the development environment, 
and the documentation (1 0 hours spent searching for critical information in badly 
written documentation is not offset by saving 2 or even 20 seconds in a compile). To 
evaluate productivity, you need many teams of qualified programmers developing 
identical projects over many months but with different compilers. 

Even when a compile-time benchmark is meaningful, you must evaluate the com- 
plete build system. Saving 2 seconds in a compile doesn’t help if the make utility 
spends an extra 10 seconds doing its work. Also remember to look at the numbers as - 


percentages when comparing two compilers. A 2-second difference between two com- 


pile times doesn't much matter if the overall compile takes 10 minutes. н 
Yes, quantitative benchmarks сап be useful, but it’s the quality of the overall com- 


piler package that is most important. Ш 


Alten 1. Holub teaches C++ and compiler design at the University of California—Berkeley Exten- 
sion. You can reach him on the Internet at holub@ violet.berkeley.edu or on BIX c/o “editors.” — — 


today. Thanks to the increasing sophisti- 
cation of the available tools, the program- 
mer can focus on what the application is 
supposed to do, leaving to the compiler 
the thorny issues of how to optimize the 
code and how to support an ever-growing 
variety of CPUs and operating systems. 
Ironically, there's no end in sight to the 
sophistication of compilers. Vendors have 
just begun to support full-scale client/serv- 


er applications and distributed objects. 
Tool sets are becoming more tightly in- 
tegrated. And every year, compilers gen- 
erate code that's a lot faster than the year 
before. Ш 


Frank Hayes is a former BYTE West Coast news 
editor and a contributing editor for the Chen Serv- 
er Tool Watch newsletter. You can reach him on the 
Internet or BIX at frankhayes@ bix.com. 
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OPTIMIZING FOR TODAY’S C 
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Modern compilers employ a full bag of tricks to make programs execute efficiently and to take 
full advantage of the special abilities of the new superscalar processors 


ALEX LANE 


MARK FISHER © 1384 


raditionally, optimizing code has been 

straightforward. Compilers improved 
software efficiency by reducing the num- 
ber of instructions executed, making better 
use of the CPU’s instruction set, maxi- 
mizing the use of registers, minimizing 
memory references, and eliminating un- 
used or redundant code. Currently, devel- 
opers are creating optimization techniques 
to take maximum advantage of new pro- 
cessor features, such as on-chip caches, 
pipelining, and superscalar chip archi- 
tecture. 

The newest round of advanced micro- 
processors presents special challenges to 
compiler developers. For processor ar- 
chitectures built around two integer pipe- 
lines—such as Intel's Pentium, DEC's 
Alpha AXP, and Hewlett-Packard's PA- 
RISC—the compiler must schedule in- 
structions to keep both pipelines full. Mips 
Technologies' Mips III (as implemented 
on the R4000 and R4400 chips) uses a 
number of greater parallel operations, so 
compilers for it must keep the super- 
pipelines from stalling. With the IBM/ 
Apple/Motorola PowerPC, the principal 
challenge is to get the maximum number 
of free instructions per clock cycle, and 
with the PowerPC 60] in particular, to 
give branch-prediction hints. 


Goals of Optimization 

Compilers generate code in a fairly me- 
chanical way; a specific syntax generates 
a specific series of instructions. Unfortu- 
nately, this mechanical mapping process 
frequently generates sequences of assem- 
bly language instructions that contain 
redundant instructions or that perform 
simple operations in an efficient and time- 
consuming way. 

Enterprising writers of early compilers 
incorporated so-called peephole routines 
that examined generated code as it was 
written to an output file, replacing awk- 
ward sequences with more efficient in- 
structions. These techniques are known as 
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Optimizing with Pre- and Post-Compilers 


KEVIN DOWD 


Р: talk about compilation as if it 
were a single process. In fact, every 
programming environment has other forms 
of preprocessors and postprocessors—pro- 
grams that do something to your code be- 
fore and after compilation, respectively. 

The preprocessor may set compile-time 
variables, expand other code inline, or 
conditionally delete sections of the input 
program. One well-known example is the 
C preprocessor (or cpp), which is part 
of all C programming environments. The 


cpp can process #include, #define. 


and #1 fdef statements before passing С 
source code on to the compiler. 
Other kinds of preprocessors translate 


macro languages (e.g., m4, ratfor, and. 


FLECS), check for correctness (e.g., lint 
and ftncheck), modify source programs 
so that they can be profiled, translate be- 
tween languages (e.g., f2c and FOR- 
TRAN 90 preprocessors), or place error- 


checking code inline. 


Likewise, postprocessors are programs 


that do something to a piece of code after 


compilation— perhaps even after it has 
been linked into an executable file. Again, 
the goal may be to collect profiling sta- 
tistics (e.g., Silicon Graphics' pixie); 
monitor memory activity for illegal ref- 
erences, as Pure Software's (Sunnyvale, 
CA) Purify does; or translate binaries 
from one brand of processor/operating- 
system combination to another, like Quo- 
rum Software System's (Menlo Park, CA) 
Equal Applications Adapter, DEC's 
VEST (VAX Executable — 
Software Translator), and 
Echo Logic’s (Holmdel, 


class of tools—prepro- 
cessors and postproces- 
sors—includes programs 
that can help optimize 
performance both before 
and after compilation. 


reference 


Optimizing Preprocessors 
Preprocessors are usual- 
ly targeted at a particular 


The Compiler/Processor Sandwich 


Profile 
data 


Preprocessor | 


Source 


NEC NN 


Profile 
data 


Postprocessor | 


Рге- and postprocessors aid optimization. 


gramming language. For numerically in- 
tensive applications, there are varieties of 


optimizing preprocessors that can either 


restructure loop constructs into more ef- 


ficient forms or match them to optimized 
subroutine library routines. The dot prod- 
uct ог inner product is an example of a 
conunon vector arithmetic construct: 


do і-і,п 


s=st+a(i)*b(i) 
enddo 


A vectorizing preprocessor such as 
Kuck and Associates’ (Champaign, IL) 


КАР/С, Pacific-Sierra Research's (Los 


Angeles, CA) Vast, or Numerical Algo- 
rithms Group's (Downers Grove, IL) 
Vecpar can recognize the dot product and 


Locality of Reference in Memory-Access Patterns 


More efficient access pattern 
(higher locality of reference) 


Саш [sues [ara] atis | 
апта | attest] stie) | ati» | 
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application area or pro- A vectorizing preprocessor сап increase cache hit rates. 
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replace it with a subroutine call or per- 
haps modify it inline for more efficiency. 
As a simple example, the following loop 
produces the same result as above, ex- 
cept it exposes more parallelism: 


50=0 

51=0 

До 1=1,m2 
s0=s0+a(i)*b(i) 
Sl=sl+a(i+1) *b (1+1) 

enddo 


S=S0+s1 


Two loop iterations are visible at a time, 


thereby reducing loop overhead and im- 
proving opportunities for instruction over- 
lap. Larger constructs, such as matrix 
multiplies, may be replaced with more 
efficient forms as well. In some cases, a 


preprocessor can use information that a | 


profiler utility provides to help it choose | 

where optimizations should be applied. 
Exposing more parallelism is impor- 

tant, but perhaps a more important feature | 


of vectorizing preprocessors is the ability 


to reduce certain types of memory system 
activity, particularly data-cache misses. | 

All caches are designed with the as- 
sumption that programs will exhibit some 
degree of locality of reference—that pro- 
grams will ask for pieces of data that are 
“near” already-requested data, in space 
and in time. But a program that accesses 
memory without regard to locality of ref- 
erence may perform poorly due to a high 
degree of cache misses. A vectorizing 
preprocessor can often reduce data-cache 
misses by interchanging loops or by tiling 
or blocking loop nests 
so that data is con- 
sumed more efficient- 
ly, in neighborhoods. 


Optimizing 
Postprocessors | ( 
Because they work on- 
compiled output, ob- 
ject-code postproces- 
sors are generally not 
specific to particular 
types of applications. 
As you can imagine, 
however, an object- 


Cache 
entries 


zæ -e =- em- 


code postprocessor is usually closely 
tied to the architecture of its target 
computers. For performance, a common 
use of postprocessing is instruction- 
cache optimization (e.g., cord, which is 
part of the Mips software development 
tools); an executable file can be rewrit- 
ten so that its subroutines share the in- 
struction cache more efficiently. Often, 
this means reordering the relationships of 
heavily traveled sections of code so that 
they map side by side in the executable 
file’s address space, reducing contention 
for particular portions of the cache. A 
postprocessor determines the best sub- 
routine ordering by examining the re- 
sults of an execution profile (e.g., those 
produced by pixie, gprof, prof, and Sun’s 
SparcWorks Analyzer). 

Another potential target for postpro- 
cessing is branch optimization. Many 
RISC processors use static branch pre- 
diction; the compiler guesses which way 
a conditional branch is likely to go at 
compile time, using some simple heuris- 
tics. In some cases, static prediction is 
backed by branch-target buffers—hard- 
ware that holds a few instructions from 
most recently executed branch instruc- 
tions. To improve the performance of 
newly encountered branches, a post- 
processor (with the help of a profiler) 
can rewrite the branch instructions in 
executable files so that they reflect the 
actual measured run-time behavior of 
the branches in question. 

Postprocessors may also be written 
to tweak previously compiled programs 
for better performance or to make it 
possible to port binaries to other plat- 
forms. A vendor providing a new gen- 
eration of processor, for instance, may 
wish to take advantage of additional 
instructions, changes in pipeline re- 
strictions, or an expanded register set. 
In these cases, a postprocessor provides 
a path to increased performance without 
the need to re-port old programs. ІШ 


Kevin Dowd of Wethersfield, Connecticut, is 
the author of High Performance Computing 
(O'Reilly and Associates, 1993). He can be 
reached on the Internet as dowd@atlantic.com 
or on BIX c/o "editors." 


optimizations. 

While the goal of 
optimization is to 
make code more com- 
pact, run faster, or 
both, optimization 
techniques can do only 
so much in the face 
of poorly organized 
programs or inherently 
slow algorithms. To 
address these prob- 


e Strip mining 


Optimization Techniques 


Machine-dependent 


* Global register allocation 

* Register parameter passing 
* Loop compaction 

е Statement reordering 


° Instruction scheduling 


In typical cases, the 
greater the scope of 
optimization, the long- 
er a compiler will take 
to generate code. Peep- 
hole optimizations use 
relatively little infor- 
mation and operate on 
à statement-by-state- 
ment level. You can 
get more information 
by examining blocks 


lems, you can use а TP of code and identifying 
profiler utility that Machine-independent relationships between 
shows which parts | *Constant propagation variables and expres- 


of the code the CPU 
spends the most time 
executing. This iden- 
tifies coding bottle- 
necks that you can 
often fix by using a 
different task orga- 


(also known as copy propagation) 
е Common subexpression elimination | 
* Invariant code motion 
* Dead code elimination 
* Dead store elimination 
е Redundant load suppression 
* Variable induction 


sions, although this 
takes longer. Global 
optimization looks at 
procedures and loops, 
and takes even more 
time. 

The complexity of 


nization, coding ap- | • Loop jamming the optimization also 
proach, or algorithm. (often called loop fusion) affects overall code- 
Beginning developers | * Loop unrolling generation speed. In 
often wonder why | e Loop rerolling any particular situation, 
they need to use a pro- | e Inlining it takes far less time to 


filer utility if they use | e Loop peeling 
a code optimizer, and 


vice versa. In fact, the 
two tools perform different and comple- 
mentary functions. 

A beneficial side effect of optimization 
Is the ability to write more readable code. 
Before the widespread use of optimizing 
compilers, experienced programmers often 
adopted coding styles that favored better 
machine code generation over source code 
readability and maintainability. For ex- 
ample, multiplying a variable by a power 
of 2in C might be coded as var ««- 3 in- 
stead of var * 8. Altematively, you could 
manually insert values for constants and 
expressions containing constants or use 
additional temporary variables to take cal- 
culations out of loops. Optimizers make 
such tactics unnecessary, freeing the de- 
veloper to write more natural, readable 
code. 

Optimization is an analytical process. 
After being parsed and analyzed, code is 
examined to extract the maximum amount 
of information, which can then be used to 
improve the code while preserving the pro- 
grammer's original intent. Analysis an- 
swers the following questions: Does an 
expression inside a loop ever change dur- 
ing the loop's lifetime? Are there particu- 
lar sections of code that will never be ex- 
ecuted? Does this variable's value ever 
change? Is it ever used? 


determine where to use 

arithmetic simplifica- 

tion—a technique in 
which certain expressions are replaced by 
simpler equivalents—than to analyze 
whether advanced optimizations, such as 
interchanging nested loops or reordering 
statements, can be used. 

Some optimizations can be used with 
any processor, while others are tailored to 
specific chips. Machine-independent op- 
umizations focus on generic code im- 
provements, such as eliminating common 
subexpressions, making loops morc ef- 
ficient, and getting rid of dead code and 
uneeded variables. These generic opti- 
mization techniques need no knowledge 
of the hardware. Nearly all industrial- 
strength compilers today offer a full suite 
of such optimizations. 


Machine-Dependent Optimizations 

Unlike the optimizations discussed so far, 
machine-dependent optimizations take ad- 
vantage of processor-specific knowledge to 
improve execution time and reduce over- 
head. They are particularly important for 
the new gencration of processors, where 
new architectures require specific new 
approaches for optimization. For the most 
part, these kinds of optimizations repre- 
sent improvements that are beyond the 
contro! of a developer who codes in a high- 
level language. continued 
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Finally, an A rated produc 
you can use anywhere. 


eXceed/Xpress PC X connectivity software from Hummingbird. 


Now that home and mobile com- 
puting are firmly established, there is a 
strong demand for access to corporate 
networks from remote locations. 

Until now, remote connection to 
graphics oriented, X Windows based 
applications posed a serious challenge: 
The existing on-line protocols (SLIP, 
CSLIP, PPP) have not provided 
acceptable performance for effective 
use of these graphical applications from 
remote sites. 

Hummingbird Communications 
Ltd., the PC X Windows connectivity 
specialist, has addressed this issue with 
eXceed/Xpress, a PC X server for serial 
connection, based on eXceed/W, the 
world’s best selling X server for PCs 
running MS-Windows. 

Utilizing an innovative combina- 
tion of compression and decompression 
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techniques inherent in the Xpress pro- 
tocol, eXceed/Xpress gives you 
unprecedented performance. While 
accessing X applications running on 
UNIX or VMS hosts, you may also run 
local MS-Windows applications at the 
same time. And, since you can easily 
copy and paste text and graphics 
between remote X environments and 
local MS-Windows applications, 
eXceed/Xpress becomes a powerful 
integration tool. 


So, wherever you go, go with 
eXceed/Xpress. Hummingbird’s products 
are sold and supported in over 40 coun- 
tries around the world. 


Other Hummingbird PC X servers: 


eXceed/W for MS-Windows 
eXceed/NT for Windows NT 
eXceed/OS2 for IBM OS/2 
eXceed/DOS for DOS 


Other Hummingbird Products: 


eXceed/NT-XDK to port and develop 
X applications 

eXceed/W-MDK OSF/Motif toolkit for 
MS-Windows 

eXtend Host-based PC to UNIX file 


management system. 


Contact us for more information, or for 
the Hummingbird reseller nearest you. 


2900 John Street, Markham, Ontario, Canada L3R 5G3 
Telephone: (905) 470-1203 Fax: (905) 470-1207 


e-mail: sales@hcl.com 


In Europe: 

37 ruc de Vermont, 1202 Geneva Switzerland 
Telephone: 41 (22) 733 1858 Fax: 41 (22) 733 64 03 
All trademarks and registered trademarks are the property of their respectiva companies. Circle 101 on Inquiry Card. 
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Sr iud. Optimizing for Today's CPUs 


One key to generating good code is 
keeping CPU registers filled with needed 
values, as opposed to shuttling the values 
between memory and the CPU. This is the 
idea behind global register allocation, 
which is a size and speed optimization that 
figures out what values should be stored in 
registers. The longer you can keep values 
in registers and prevent them from being 
written ош to on-chip cache memory or, 
worse, to external memory, the better per- 
formance you get. 

Register optimizations are particularly 
valuable in RISC architectures, which 
typically provide a large number of reg- 
isters in the CPU. A similar optimization 
technique is register parameter passing, 
which bypasses the need to push function 
parameters onto the stack before the func- 
tion call is made, by making sure that all 
needed parameters are preloaded into CPU 
registers. 

Unfortunately, these techniques are of 
limited value in processors that have only 
a few registers. In the case of register pa- 
rameter passing, if the function call does 
not result in direct execution of the func- 
tion (a typical situation in environments 
like Windows), the technique cannot be 
used. 

Loop compaction on most 80x86 pro- 
cessors is a machine-dependent optimiza- 


Loop Compaction 


; for (1=0;1<«10;1++) 
; xlil-j«k; 
7 


тоу сх, 10 

lea di,word ptr [bp-108] 
push ds 

pop es = 


mov ax,word ptr [bp-6] 
add ax,word ptr (bp-8] 
rep stosw 000 OOM! 
mov word ptr [5p-21,10 j 


tion that takes advantage of highly effi- 
cient string-move instructions. A typical 
example with both C source code and the 
resulting assembly language instructions is 
shown in the listing “Loop Compaction.” 
Surprisingly, the stosw instruction that 
improves 386 code will execute signifi- 
cantly more slowly on 486 and Pentium 
processors. 

In pipelined and superscalar proces- 
sors, techniques that keep instructions ex- 
ecuting while minimizing memory pag- 
ing and register swapping operations are 


і1оай cx w/ по. of iterations | 
;load di with adr of x[0] 


¿load es with data segment | | 
;get value of n | such as the Alpha, 
;ádd value of m` | 


інек і to 10 


important. For example, consider а loop in 
C written as 


int x[ROW] [COL]; 
for (j=0;j<ROW; i++) 
for (i1=0;i<COL; j++) 
x[1][j]=foo(bar) ; 


For sufficiently large values of ROW and 
COL, this suffers from widely separated 
addresses—called a stride іп some сіг- 
cles—for successive values of x [i] [j]. 
Running this code will likely result in a 
lot of memory paging. However, just by 
interchanging these nested loops, succes- 
sive values of x [i] [J] will be near one 
another and will reduce the number of 
paging Operations necessary to run the 
code. 

Another commonly used optimization 
is statement reordering. Here, computa- 
tions are done in a different sequence than 
specified in the source code. When ap- 
plied to floating-point calculations, this 
optimization is likely to produce slightly 
different results than the originally speci- 
fied code. This is due to the accumulation 
of round-off errors that differ from those 
you would obtain using the original code. 

An interesting technique called strip 
mining isn’t an optimization in itself, but it 
can be used with other techniques to boost 

performance. The 
| term is taken from a 
| technique used with 
| supercomputers. 
| Strip mining is 
particularly useful 
for optimizing ma- 
trix multiplication 
on cache-based, su- 
| perscalar processors 


Pentium, PowerPC, 

or PA-RISC chips. 

| The key lies in trans- 

a forming the ponder- 

ous row-column al- 

gorithm, which (if matrix C isannxn 
product of matrices) looks like this: 


for (і-0; i<n; i++) 
for (1-0; j<n; j++) 

for (k=0,C[i,j]=0; k«n; k++) 
Cli] [j] += Afi] {k] *B[k] (3); 


into one that effectively multiplies square 
subblocks of the matrices. The listing 
“Strip Mining” shows what the optimized 
code might look like. 

іп the sample code, b1k_factor isa 
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processor-dependent number selected to 
make best use of the CPU's cache that, in 
effect, causes the matrices to be multiplied 
in blocks of b1k_factor size. (The vari- 
able init_strip_sz is used to multi- 
ply a smaller block if the size of the ma- 
trices being multiplied is not evenly 
divisible by b1k factor.) 

[п creating this code, the optimizer strip- 
mined each of the original loops to create 
block loops and strip loops. The block 
loops, which cause blocks of memory to be 
paged into and out of the cache, were in- 
terchanged to move them to the "outside" 
of the nest of loops. The strip loops, which 
perform calculations within each block, 
were moved to the inside of the nested 
loops. 

Arranged in this way, the computation 
makes best use of the processor and mem- 
огу system, since you can use cached ma- 
trix blocks repeatedly before discarding 
them and intermediate results can be en- 
registered longer than otherwise possible. 
The result is nearly an order of magni- 
tude improvement in performance for 
n»150. 

However, the optimized code is obvi- 
ously much more complicated than the 


Strip Mining 


PENTIUM OPTIMIZATIONS 


When Watcom International revamped its C/C++ compilers to take advantage of 
the Pentium’s superscalar architecture, the company got an unintended bonus: 
integer code that executes substantially faster on 486s. Even though the 486 
doesn’t have a true superscalar architecture like the Pentium, its pipeline stages 
can overlap а lot more than Watcom's 486 code could achieve. "Two years ago, 
we introduced 486 optimizations, and | think the performance benefit was about 
5 percent," says Dave Boswell, Watcom's vice president of marketing and sales. 
“We thought we were really doing something swell. But with Pentium optimiza- 
tions, we got an average of 30 percent to 40 percent improvement on a 486," 


original. Further, the size of D1k. Factor 
and the ordering of the loops can vary from 
processor to processor. (In this example, 
the transformed code was generated for 
an IBM RS/6000, which has a 64-KB 
cache and four-way set associativity, using 
KAP/C from Kuck and Associates of 
Champaign, Illinois.) For this reason— 
and from a readability standpoint—devel- 


int init strip sz а (n-1)9bl1k factor + 1; 


int + blk, 
int j Blk, 


i вегір 82, i strip. !b, i strip ub; 
j.strip.8z, j.strip lb, j strip ub; 


int K blk, k.strip.sz, X strip 1b, k strip ub; 


++ 


l.strlp.ez = init strip sz; 


| for (ij blk = 1; i БІК <= n; i рік += blk factor ) { 


i strip ub = i_strip_ub + i strip sz - 1; 
k strip lb = 0; 
Қ. strip sz = init, strip sz; 


| for (k blk = 1; k_blk <= n; k blk += blk factor ) f 


k strip ub = k strip ub + k strip sz - 1; 
j.atrip.1b = 0; 

j.strip.sz = ínit. strip sz; 

for (j_ blk = 


1; j.blk <= n; j_bik += blk,factor ) { 


j-strip ub = j_strip_ub + j strip sz - 1; 
for (i = i strip lb; i <= i strip ub; i++) 
for {3 s j.setrip.1b; 3 «<= j.strip ub; j++} 
for (К = k strip lb; k <= Қ strip ub; k++} 
Cfí1](j] += ALi] (k} * Bk] [j]; 


j-strip lh += j.strip sz; 
j.strip.sz а blk. factor; 
y 
k Strip 10 += k strip sz; 
kK_strip_sz = blk factor; 
) 
i strip lb += i_strip_sz; 
i strip ят? = blk factor; 
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opers should write code as shown in the 
original and let the optimizer take care of 
the details. 

Another important optimization for 
pipelined architectures is instruction sched- 
uling. This helps prevent processor pipe- 
lines from stalling. In Pentium and 486 
processors, for example, if an address or 
register needed by a particular instruction 
is not available because a previous in- 
struction has not finished processing, an 
AGI (Address Generation Interlock) oc- 
curs. In the following code example, an 
AGI occurs after the second instruction 
because the first has not completed exe- 
cution: 


inc eax 

mov ebx, [eax] ; stalled owing 
; to AGI 

inc ecx 


A good instruction scheduler would re- 
arrange the instructions as follows, to allow 
uninterrupted execution: 


inc eax 
inc ecx 
mov ebx, [eax] 


AGIs are particularly troublesome for 
Pentium processors, since two instructions 
сап ехесше in parallel in the final three 
stages of the integer pipeline, in separate 
U- and V-pipes, creating more stalling op- 
portunities in longer instruction sequences. 
In the following example, 


;U-pipe V-pipe 
inc ebx inc ecx 
inc edx mov eax, [ebx] 


Introducing C Set ++ FirstStep for О5/2. 
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Now everything 
you need to begin . Ж 
writing С/С++ applications is at your fingertips - 
and well within your budget. C Set ++ FirstStep First Step 
is a state-of-the-art, C/C++ development fur 05/2 
environment. It includes: “Ап ANSI standard | 
conforming compiler for C/C++ ‘A visual tool for 
debugging ‘C++ Collection Class Libraries “А 
comprehensive Developer’s Toolkit (Version 2.1) 
with all necessary programming tools, and 
*WorkFrame/2: which provides an 
integrating environment that ~ 
increases the effectiveness of those tools. 

In short, with C Set ++ FirstStep for 
05/2 from IBM Software Solutions, you can 
launch yourself right into writing high quality 
object-oriented applications. 
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;stalled owing to AGI 
mov esi, [mem] 


an AGI occurs after the second instruc- 
tion is encountered in the V-pipe. This 
halts execution in both pipes for one clock 
cycle until the first instruction completes. 
Properly scheduled, the code would look as 
follows: 


;U-pipe V-pipe 
inc ebx inc ecx 
inc edx mov esi,[mem] 


mov eax, [ерх] 


To Optimize or Not to Optimize? 

There are two good reasons why you might 
not want to always run the optimizer when 
compiling code. The first is time. It’s not 
unusual for compilers with aggressive op- 
timizers to increase code generation time 
by 200 percent to 300 percent, and this 
figure may rise for compilers that imple- 
ment advanced, machine-dependent opti- 
mizations. 

The second reason concerns debugging. 
Traditional source-level debuggers rely on 
a correspondence between the source code 
and the object code. When you introduce 
moved code, compacted (or worse, inter- 
changed) loops, eliminated variables, in- 
lining, and so on, optimized code often 
bears little resemblance to the source code 
from which it came. This makes debug- 
ging optimized code nearly impossible, 
except at the assembly language level. 

Various approaches to debugging opti- 
mized code have been tried, such as noting 
what line of original source code generated 
particular instructions, and others are under 
development. Currently, though, the stan- 
dard approach to software development is 
to debug using unoptimized code, and only 
then to run the optimizer to generate the 
final executable. Any bugs that are intro- 
duced during optimization must be chased 
down at the assembly language level. 

As the complexity of processors in- 
creases, today’s optimizing compilers are 
becoming more complex. In addition to 
providing the traditional machine-inde- 
pendent optimizations that mimic what a 
determined developer might do to make 
code faster or smaller, the compilers are 
beginning to perform machine-dependent 
optimizations that promise quantum boosts 
in performance. B 


Alex Lane is a Colorado-based writer, speaker, 
and consultant. He can be reached on the Internet 
or BIX at adane@bix.com. 
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Now more than ever, we're 
giving power to the people. 
Our Pentium-based PCI 
systems are priced hundreds, 
sometimes thousands of 
dollars less than competitors' 
comparably configured 
Pentium systems. That's PC 
power everyone can afford! 
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By the Time We Get to Woodstock 


When historians write the history of the personal computer industry 
years from now, they'll remember Gateway 2000" as the radical PC 
manufacturer that gave power to the people by selling the highest- 
quality, latest-technology computers at affordable prices. By 
showing PC buyers a level of service they thought was a 
throwback to the peace and love era. By giving real meaning Э 
to the tattered, worn-out term “value.” 

When Gateway 2000 came onto the scene, the 
establishment computer companies were charging 
whatever they wanted for technology. 
Gateway was a real downer to them 
because we began selling the same 
technology for a whole lot less. And | 
the buyers were very smart. They 
shouted, “Hell no, we won't go,” to 
the big companies, and took a chance 
on the revolutionary Midwest company 
called Gateway 2000. Soon a great legion of people — even more 
than Woodstock attracted — was buying Gateway PCs. 

Today, Gateway 2000 is bigger than many of the companies for 
which it was an alternative. So why should you buy a Gateway 
computer today? Same reasons as in the beginning. You still get the 
best price, quality and service from us. 


Demonstrations 

That's why, for the third consecutive year, we swept Computer 
Shopper 's Best Buy Awards, winning every product award we were 
eligible for and being chosen as the Best Overall Systems Supplier. 
(Thanks, Shopper readers!) That's why we took five top honors in PC 
World's World Class Awards, including Best Mail Order Company 
and Best Service and Support. (Thanks, PC World readers!) And 
even though we're now a Fortune 500 company, we still champion 
anti-establishment thinking. Check it out. You'll find GW2K is far- 
out, groovy and totally unreal! 


We dedicate this ad to the memory of Sol Pessin, one of our special customers who 
believed in us during the early days, We'll miss you, Sol. 


800-846-2058 


Gateway Gives You 1 


The Eagle has Landed 

When Gateway introduced a Pentium" -based system — loaded — 
for under $4,000, everybody in the industry knew the Eagle had 
landed. The best PC value on the planet had arrived! The editors of 
PC/Computing heralded the accomplishment by naming it Best 
Desktop of 1993. 

Then we topped our achievement by offering four Pentium 
processor-based systems, including a new 66MHz model, priced from 
$2,495 to $3,995. Now that’s a giant leap in value for one of the 
highest-performance PCs on earth. These systems are tomorrow’s 
technology available today at affordable prices — only from Gateway. 

Our P5 systems include Intel’s 64-bit Pentium processor, which 
moves instructions and data twice as fast as а 486 system. The Р5 

PCs get another performance boost from a PCI local bus. The 
| PCI bus can operate 10 to 15% faster than a VESA” local bus. 
The PCI bus’ “plug and play” feature makes your PC easier to 
use, too, by automatically configuring peripherals, 


Space-Age Video 

The PCI bus is coupled with a space-age video system, 
with 2MB standard video memory giving you 64,000 colors 
at 1024 x 768 resolutions. The PCI-based video system uses 
a high-performance 64-bit interface to video memory that 
achieves 16 million colors, true 24-bit, in VGA and SVGA 
resolutions. Our standard video system gives you the best 
overall performance on the market. 

The net effect of the PCI local bus and this video system 
is performance that will send you into orbit. It's definitely 
far-out! 


486 PCI Local Bus System is A-OK 
The PCI local bus and PCI video system are also 
available in a 66MHz 486DX2 system, Intel® verified to be 
Pentium upgradable. Another A-OK value in a high- 
performance system from Gateway! 


Photo courtesy of NASA. Thanks! 
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Qur Р5-60 was named Best Desktop of 1993 — | New this month is our 
by the editors of PC/Computing. “(/t) is і ar ^ш | 66МН: Pentium-based 
nearly twice as fast as its nearest competitor | | | system for only 53,993, 
at Windows operations. When it comes to » тт | T 

top-of-the-line desktop systems, you сап 1 

beat high performance for a low price," 

states the editorial. 


Be A Trend-Setter With A 
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Our 4DX2-66V model has 
to be one of the most highly 
decorated PCs in the 
history of the industry. For ; 

good reason! Like other \ 
Gateway VESA and 

integrated systems, it's a 
very attractive value. 
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4DX2-66V 4DX2-66V 4DX2-66V 4DX2-66V IDX2-66V ADX2-66V 
Best Desktop Best Windows PC 


Our Family РС comes with CD-ROM, sound card, 
speakers, joystick, fax/modem and multimedia software. 
You choose one software option from five great Family PC 
nulti-title packages. Some of the outstanding titles you can 
get are: Microsoft Works," Dinosaurs and Encarta," 
Cinemania,” Time Almanac, Links Golf Collection, The 
Animals, MicroProse" Game Pack, MECC Elementary 
Education Pack — and more! 
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You'll be a trend-setter in your office or neighborhood if you 
choose a Gateway УЕ5 А” or integrated system because there's 
nothing more fashionable than a great buy. Everybody wants one! 


VESA a Go-Go 


Our VESA local bus machines give you go-go performance at a 
fab price, VESA, which stands for Video Electronics | 
Standards Association, assures you of compatibility 
with any VESA peripheral. These systems are also 
upgradable to a Pentium™ OverDrive™ Processor if 
you need more processor power in the future. 


Integrated PCs Sock it to "Em 


Our integrated systems definitely sock it to the 
competition. Offered in space-saving mini desktop 
cases, our local-bus integrated PCs give you twice the 
video performance available in many standard 
desktop machines. In fact, video performance in 
our integrated systems is similar to, or better than, 
that found in many of our competitors’ high-end systems. 

Of course these machines are also upgradable to a Pentium 
OverDrive Processor. 

Our special Family PC, with full multimedia capabilities and some 
exciting software choices, is priced at only $1,995. Ask us for details. 

If you want a mod PC for the fewest dollars possible, you want an 
integrated system from Gateway. You can bet your bippy on that! 


Energy Stardom 

All Gateway 2000™ VESA local bus and integrated systems wear 
the Energy Star seal to show they comply with energy-saving 
guidelines established by the EPA. Our commitment to the Energy 
Star program is just one of the ways we're working to help the 
environment — and to help you save money! 


For The Rolling Stone Jn You, 


Whether you travel constantly from continent to continent or 
occasionally from office to home, Gateway has the perfect portable 
PC to keep you rollin’ on down the highway. 


Easy Rider 

The revolutionary HandBook* 486 gives you more MIPS per 
pound than any other PC! Plus, the HandBook is the answer to the 
most common question seasoned portable users ask themselves: 
should I take my portable or not? Is it worth the hassel? With a 
HandBook, you'll never ask yourself that question again. It's so small 
and light, it's effortless to carry. The decision is automatic; of course 
you'll take your HandBook. You'll never want to be without it! The 
HandBook is a truly extraordinary product that will forever change the 
way you use a РС. 

The HandBook has all the features that matter to you, too, 
including: ideal weight and size (less than 3 pounds, about the size of 
aday-planner); plenty of power (genuine Intel SL Enhanced 486 
at great screen (bright, 7.9-inch backlit VGA display); 

.. comfortable 78-key keyboard; EZ Point integrated 
| pointer (no need to carry a clumsy mouse); 
a Ж E excellent battery life (up to four hours); 
"> suspend/resume (a handy feature that allows 
you to stop work any time and resume later 
without losing data or restarting the system). 


Psychedelic Day-Tripper 

Psychedelic color for flower children of all apes. That's 
Жы 4 the Gateway 2000" ColorBook". The ColorBook includes: 
m Е. ? a brilliant, 9.4-inch УСА color screen (dual-scan STN color 

is the latest technology in color displays); 486 performance 

(genuine Intel SL Enhanced 486 processor); excellent portability 
(weighs less than 5.7 pounds and is ultra-thin — just 1.77 inches); 
simultaneous video up to 1024 x 768 resolution; a built-in trackball 
(very easy to use); two PCMCIA Type II slots (can also be used for 
one Type III PCMCIA card); great battery life (up to four hours); 
suspend/resume feature. 

If you want dazzling color at a mono price, look no further than 
the ColorBook. 


800-846-2088 


On your next trip, be sure to take along a good book. 
That's a HandBook or a ColorBook from Gateway 2000! 


EVIE 


HandBook HandBook HandBook 
Best Subnotebook Best Subnotcbook Best Hand-Held/Palmtop 
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Shown here is our 4DX2-66V model loaded with options including a 17-inch CrystalScan monitor, 
combo floppy drive, multimedia kit with optional Yamaha speakers, Colorado Memory Systems 
tape backup unit, FlightStick and Epson Stylus 800 printer. With multimedia, the sights and sounds 
of any era are available to you with a click of your mouse. Right on! 


PORTABLES 


HANDBOOK" 486 


Ш Weight: 2.94 Lbs. | | 
HANDBOOK 486SX-25 


Ш Dimensions: 9.75" x 5.9" x 1.6" 

E SL Enhanced Intel* 486 With 25MHz 486SX CPU and 
Processor 80MB Hard Drive 

Ш 4MB RAM (expands to 8MB or 
eu $1495 

Ш 50 10 130MB IDE Hard Drive 

E 7.9" Backlit VGA Display HAN DBOOK 486DX2-40 

Ш NiMH Battery & AC Pack With 40MHz 486DX2 CPU and 

B Suspend/Resume Feature 130MB Hard Drive 

Ш | PCMCIA Type 1 Slot $1995 


Ш EZ Point" Integrated Pointer 

B 78-Key Keyboard 

Ш Parallel, Serial & PS/2 Ports 

Ш MS-DOS? Windows" & 
Serial Transfer Cable 


COLORBOOK" 
(à Weight: Under 5.7 Lbs. 


E Dimensions: 11.7 x 8.5"x 1.77" COLORBOOK 486SX-25 
Ш SL Enhanced Intel 486 


With 25MHz 486$Х CPU and 
"Perm TE n 
X , 12 or 

20MB) Н $1995 
Ш 3.5" 1.44MB Diskette Drive 
Ш Removable 80 to 250MB IDE 

Drive COLORBOOK 4865Х-33 
Ш 9.4" VGA Dual-Scan STN With 33MHz 486SX CPU and 
к $2 a 170МВ Hard Drive 

ІМН Battery & AC Pack 

Ш Suspend/Resume Feature $2395 
Ш 2 PCMCIA Type II Slots 
Ш Integrated Trackball (2 buttons 
шыны (ше) COLORBOOK 486DX-33 
E Parallel, Serial & PS/2* Ports With 33MHz 486DX CPU and 
Ш External VGA Port 250MB Hard Drive 
Ш MS Works for Windows™ $2795 


@ MS-DOS and Windows 


MULTIMEDIA КІП 


Here’s everything you need to add 

multimedia to any Gateway desktop 

PC. You won't find a better holiday 

price anywhere! 

Ш Gateway 2000 16-Ви Sound 
Card, Sound Blaster-"Compatible 


If a system comes with "choice of 
application software," choose one 

of the following packages: 

E Microsoft Excel for Windows" 
Ш Microsoft Word for Windows™ 
Ш Microsoft Word and Bookshelf 


Ш Double-Speed CD-ROM '92* CD-ROM Edition 
Ш 2 Labtec” Speakers Ш Microsoft PowerPoint for 
Ш Microsoft Encarta & Corel Photo Windows™ 


CD Software E Microsoft Project for Windows" 
Ш Gateway System CD E The Entrepreneur Pack (Works, 
$200 Publisher," Money" & games) 


@ Borland Paradox? database and 
Quattro* Pro for Windows 
spreadsheet 

Ш Microsoft Access" for Windows 


For system configurations that 
include a CD-ROM drive: $132 
Only with system purchase. 


Gateway 2000 is a 


SOFTWARE & EXTRAS 


HANDBOOUR FALAS 


Traveler 's Packs: 

E Microsoft Works for Windows, 
case, extra battery & PCMCIA 
9600/2400 fax/modem. $369 

E Microsoft Works for Windows, 
case, extra battery & PCMCIA 
TelePath™ fax/modem. $489 

Presenter 's Pack: 

ll PCMCIA VGA adapter, 
Asymetrix* Compel & case. 
$319 


| COLORBOOK PACKS 


Traveler % Packs: 

W Case, extra battery & PCMCIA 
9600/2400 fax/modem. $329 

E Case, extra battery & PCMCIA 
TelePath fax/modem. $449 


With desktop and selected portables 

you also get the following software 

and extras at no additional charge: 

Ш MS-DOS 6.2 & Windows for 
Workgroups 3.11 

Ш CoSession" Host Remote 
Diagnostics (with all modems) 

Ш Kiplinger's" CA-Simply™ 
Money 

Ш QAPlus Diagnostics 

Ш Gateway Computer Glossary 

Ш Gateway Mouse Pad 

Systems with CDs also include: 

B Gateway System CD with 
Microsoft Multimedia Pack™ 

Ш Multimedia On-Line User's 
Guide 

E Gateway Mail On-Line Catalog 


PORTABLE OPTIONS 


PCMCIA Cards: 

E TelePath 14400/14400 fax/ 
modem. $319 

E 9600/2400 fax/modem. $199 

B Ethernet adapter. $189 

Ш Token Ring adapter. $449 

Ш HandBook VGA adapter. $229 

Batteries: 

E 22Ah NiMH batteries. $89 

Ш Alkaline battery pack. $29 

Diskette Drive: 

E HandBook external 1.44MB. $99 

Cases: 

Ш ColorBook $49 HandBook $55 

Extended VIP Warranty: 

E We'll ship a replacement 
within 24 hours during warranty. 
Point of sale only. $100 


| VOMAD 450DXE 


B Weight: 6.2 Lbs. 

E Dimensions: 8.5" x 10" x 22" 
E 50MHz intel 486DX2 CPU 

E 8MB RAM 

B 3.5" 1.44MB Diskette Drive 

E 200MB IDE Hard Drive 

Ш 8.4" Color Active Matrix Screen 
Ш NiMH Battery & AC Pack 

Ш Simultaneous Video with IMB 
Ш 79-Key Keyboard & Mouse 

B 9600/2400 Fax/Modem 

B i Paraliel, | Serial Port 

E MS-DOS, Windows & Works 


$3995 


| SERVICI 


Every Gateway system is backed by: 

Ш 30-Day Money-Back Guarantee 

B One-Year Limited Warranty 

B Lifetime Toll-Free Technical 
Support 

Ш On-Site Service Available To 
Most Locations 

Ш Lifetime BBS Membership 

B FaxBack Automated Fax Service 


Our money-back guarantee does not 
include shipping. On-site service is 
provided at no charge during 
warranty if our technicians 
determine it is necessary. If you'd 
like to read our 

warranty and 
guarantee 
policies, 
please call 
for a free 


сору. 


When you've picked the PC you want, take a look at the options listed 
here to make your system as productive and fun as possible, Sorry, the 
peripherals listed here are sold only with the purchase of a system. For details 
on our complete line of extras for Gateway customers, ask for our special add- 
on components division when you call. 


Multimedia 

Multimedia Kit 

Here’s everything you need to add multimedia to your Gateway PC: 

Ш Gateway 2000™ 16-bit CD-quality sound card, compatible with Sound 
Blaster" cards, with MIDI/game port, mic in, stereo line in/out 

E Double-speed CD-ROM drive, tray-loading, compatible with music 
CDs, multisession photo CDs and CD-ROM titles 

Ш 2 Labtec* speakers that attach to your PC monitor 

Ш Microsoft® Encarta & Corel Photo CD software 

И Gateway 2000 System CD with Microsoft Multimedia Pack" 
$299 

For system configurations that include a CD-ROM drive, get 

the multimedia kit without CD-ROM drive for: $132 


Yamaha YST-M10 Multimedia Speakers 
New! The small speakers that sound big. And come with a tiny price. This 
free-standing, self-powered speaker set is a great value! $75 


Altec Lansing Multimedia Speakers 
Get superior stereo sound with these top-rated Altec Lansing ACS-300 
speakers with separate powered subwoofer. $219 


CH FlightStick 
The joystick that's recommended by our kids! With a sensational "feel" and 
rugged construction, this is the last joystick you'll ever have to buy! $35 


Communications & Storage 

TelePath"" II Fax/Modem 

Internal fax/modem, 14,400bps modem, V.32bis, with 14,400bps fax 
capability. Package includes data and fax communication software, plus a 
CompuServe” trial membership. $159 


Cardinal* 2400 Fax/Modem 
Internal fax/modem, 2,400bps modem, V.22bis, with 9,600bps fax capability. 
Package includes data and fax communication software. $49 


Colorado Memory Systems* TBU 
250MB internal automatic tape backup unit copies up to 9.5MB per minute. 
Comes with Windows and DOS software, one tape and cable. $159 


Networking 

Intel EtherExpress" 

А 16-bit Ethernet adapter from a world leader in 
networking. $105 Twisted Pair or BNC Kit (BNC kit 
includes cable, connector, terminator and card). 


Ethernet Adapter from 3Com* 

Manufactured by 3Com for Gateway. Features parallel 
tasking architecture with a high level of integration. $105 
Twisted Pair. $125 BNC Kit (includes cable, connector, 
terminator and card). 


Monitors 

CrystalScan? 17-Inch Monitor 
Non-interlaced color monitor, .26mm dot 
pitch. If your system comes with a 14-inch 
monitor, you can upgrade to this monitor for 
$430. If your system comes with a 15-inch 

monitor, you can upgrade for $350. (Prices good 

only for upgrades at the time of system purchase.) 


Printers 

Epson® 1070+ Printer 

Here’s a value-priced, wide-carriage dot matrix printer 
that gives you 225cpi in draft mode, 10 letter-quality fonts 
and 4 scalable fonts. Quiet, too (46.5db)! $359 


Panasonic Color-Capable Printer 

Add color to your documents with this 24-pin dot matrix 
printer. Includes Adobe Type Manager? KX-P2123 
$259; Color Option $50 


Epson Stylus 800 Ink Jet Printer 

Great laser quality at an even greater value. Measuring 
only 17 inches by 10.5 inches, the Stylus 800 has seven 
different typefaces and prints an extra-quiet 150 characters 
per second at 360dpi. Parallel cable included. $289 


Epson ActionLaser 1500 Laser Printer 

The ActionLaser delivers professional-quality printouts 
with crisp, sharp images, black.blacks and smooth, “jag- 
free" lines. It also features a fast six-page per minute print 
speed, 14 resident fonts, 300 x 300dpi, and IMB memory 
expandable to 5MB. Parallel cable included. $669 


‘600dpi quality. 


TI MicroLaser™ Pro 600 
This Texas Instruments laser printer 


жҡ 


redefines value in high-performance 

printing with 6MB RAM 
standard, a fast eight pages- 
per-minute print rate, 500- 4- 
sheet capacity and true — 


With 23 PostScript" Fonts: $1,449 
With 65 PostScript Fonts: $1,629 


Lexmark 4039 10R 

The printer for tomorrow's technology! Featuring a fast, 
RISC processor it switches between PostScript and PCL5 
printer languages automatically and prints at a remarkable 
10 pages per minute at true 600dpi. $1,399 


Easy Payment Options 

We make it easy for you to buy a Gateway PC, 
too! We accept most major credits cards 
and C.O.D. terms, with net 30-day 
terms and leasing options available - 
to qualified commercial customers. 

You can also apply for our new 
Gateway 2000" DuoLine" MasterCard? Card, 
issued by Dial National Bank, which lets you make 
purchases from Gateway and anywhere else 
MasterCard is accepted by giving you two lines of 
credit — one for Gateway purchases and one for all 
other purchases. For Gateway purchases, the card 
has no annual fee and a low variable interest rate of 
just 12.9% APR. For other transactions, you get a 
variable interest rate of 13.9% APR and a low $18 
annual fee.* 


*Cash advance fee is $1 plus 296 of the amount of the cash 
advance, but not less than $5 nor more than $10. Financing is 
available on approved credit with the Gateway DuoLine 
MasterCard, issued by Dial National Bank, Des Moines, lowa. 
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Our 605 models are all Gateway 2000 employees and their children who relived the flower-power era for this ad. 


INTEGRATED & VESA SYSTEMS 


48X-33/4DX-33 4DX2-504DX2-66 4SX-33V 4DX2-50 FAMILY PC 
B Intel 33MHz 486SX or DX CPU Ш Intel 50 or 66MHz486DX2CPU Ш Intel* 33MHz 486SX CPU E Intel SOMHz 486DX2 CPU 
Ш 4MB RAM B 4MB RAM, 128KB Cache ll 4MB RAM B SMB RAM, !28KB Cache 
B 212MB 13ms IDE Hard Drive B 424MB 13ms IDE Hard Drive B 212MB 13ms IDE Hard Drive B 212MB 135 IDE Hard Drive 
W Local Bus Graphics with 512KB — B Local Bus Graphics with IMB B VLB" Graphics with IMB Ш Local Bus Graphics with [MB 
W 3.5" Diskette Drive E 3.5" Diskette Drive И Local Bus IDE Interface Ш Double-Speed CD-ROM, 16-Bit 
Ш 14" Color CrystalScan* 1024МІ Ш 14" Color CrystalScan 1024МІ Ш 5.25" & 3.5" Combo Drive Sound Card & Speakers 
Ш Mini Desktop Case Ш Mini Desktop Case B 14" Color CrystalScan* 1024NI E 2400/9600 Data/Fax Modem 
Ш 5 16-Bit ISA Slots Ш 5 16-Bit ISA Slots В Baby AT Case B 3.5" Diskette Drive 
® 101-Кеу Keyboard & MS Mouse B AnyKey* Keyboard & MS Mouse B 5 ISA & 2 VESA"/ISA Slots Ш 14" Color CrystalScan 1024NI 
E MS-DOS*6.2 & МЕМ" 3.11 Ш MS-DOS 62 & WFW 3.11 B AnyKey* Keyboard & MS Mouse Ш Mini Desktop Case 
Ш MS Works for Windows™ E Choice of Application Software Ш MS-DOS* 62 & WFW" 3.11 Ш 5 16-Bit ISA Slots 
Ш EPA Energy Star Compliant Ш ЕРА Energy Star Compliant Ш Choice of Application Software B 101-Кеу Keyboard, MS Mouse & 
45Х-33- $1295 4DX2-50 - $1795 чш Siar Poole سي‎ ИВ 
$1 495 Ш Choice of Family PC Software 
4DX-33 - $1495 4DX2-66 - $1995 Ш EPA Energy Star Compliant 
$1995 
VESA & PCI SYSTEMS 


4DX-33VADX2-50V $$ 4DX2-66V BEST BUY P4D-66 4DX2-66V 


® Intel 33MHz 486DX or SOMHz Ш Intel 66MHz 486DX2 CPU Ш Intel 66MHz 486DX2 CPU Ш Intel 66MHz 486DX2 CPU 
DX2 CPU E 8MB RAM, 128KB Cache Ш 8MB RAM, 256KB Cache Ш 16MB RAM, 128KB Cache 
Ш 8MB RAM, 128KB Cache Ш 424MB 13ms IDE Hard Drive E 424MB 13ms IDE Hard Drive E 424MB 13ms IDE Hard Drive 
E 424MB 13ms IDE Hard Drive Ш VLB Graphics with IMB Ш PCI Local Bus Graphics with 2MB — B VLB Graphics with 2MB 
B VLB Graphics with IMB E Double-Speed CD-ROM E Double-Speed CD-ROM E Double-Speed CD-ROM 
Ш Local Bus IDE Interface Ш Local Bus IDE Interface B 3.5" Diskette Drive В Local Bus IDE Interface 
ШЕ 5.25" & 3.5" Combo Drive B 3.5" Diskette Drive W 15" Color CrystalScan 1572FS E 3.5" Diskette Drive 
E 14" Color CrystalScan 1024NI Ш 15" Color CrystalScan 1572FS Ш Baby AT Case B 15" Color CrystalScan 1572FS 
Ш Baby AT Case B Baby AT Case B 4ISA, 2 PCI & 1 PCI/ISA Slots Й Baby AT Case 
Ш SISA & 2 VESA/ISA Slots Ш SISA & 2 VESA/ISA Slots B AnyKey Keyboard & MS Mouse Ш SISA & 2 VESA/ISA Slots 
Ш AnyKey Keyboard & MS Mouse WB AnyKey Keyboard & MS Mouse BB MS-DOS 62 & WFW 3.11 W AnyKey Keyboard & MS Mouse 
Ш MS-DOS 62 & WFW 3.11 Ш MS-DOS 6.2 & WFW 3.11 E Choice of Application Software Ш MS-DOS 6.2 & WFW 3.11 
Ш Choice of Application Software Ш Choice of Application Software $2 495 Ш Choice of Application Software 
Ш EPA Energy Star Compliant Ш EPA Energy Star Compliant E EPA Energy Star Compliant 
4DX-33V - $1975 $2295 $2795 
4DX2-50V - $1995 
PENTIUM SYSTEMS 
P5-60 P5-60 BEST BUY P5-60 P5-66 
B intel 60MHz Pentium" CPU Ш Intel 60MHz Pentium CPU Ш Intel 60MHz Pentium CPU ® intcl 66MHz Pentium CPU 
Ш 8MB RAM, 256KB Cache E 8MB RAM, 256KB Cache Ш 16MB RAM, 256KB Cache Ш 16MB RAM, 256KB Cache 


E 424MB 135 IDE Hard Drive Ш 424MB 1305 IDE Hard Drive E 540MB ]3ms IDE Hard Drive Ш 540MB |3ms IDE Hard Drive 
И PCI Local Bus Graphics with 2MB Ш PCI Local Bus Graphics with 2MB Ш PCI Local Bus Graphics with 2MB Ш PCI Local Bus Graphics with 2MB 


B 3.5" Diskette Drive E Double-Speed CD-ROM E Double-Speed CD-ROM Ш Double-Speed CD-ROM 
Ш 14" Color CrystalScan 1024NI Ш 3.5" Diskette Drive E 3.5" Diskette Drive B 16-Bit Sound Card & Speakers 
Ш Baby AT Case Ш 15" Color CrystalScan 1572FS Ш 15" Color CrystalScan 1572FS B 3.5" Diskette Drive 
B 4 15А, 2 PCI & 1 PCI/ISA Slots E Baby AT Case B Baby AT Case Ш 17" Color CrystalScan 1776LE 
Ш AnyKey Keyboard & MS Mouse B 41А, 2 PCI & 1 PCI/ISA Slots Ш 415A, 2 PCI & | PCI/ISA Slots Ш Tower Case, 300W Power Supply 
Ш MS-DOS 62 & WFW 3.11 Ш AnyKey Keyboard & MS Mouse Ш AnyKey Keyboard & MS Mouse B 41SA, 2 PCI & 1 РСІЛЅА Slots 
Ш MS Works for Windows Ш MS-DOS 62 & WFW 3.11 B MS-DOS 62 & WFW 3.11 Ш AnyKey Keyboard & MS Mouse 
$2 495 Ш Choice of Application Software Ш Choice of Application Software H MS-DOS 62 & WFW 3.11 
$2 795 $3295 ® Choice of Application Software 
$3995 
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Phone 605-232-2000 • TDD 800-846-1778 * Fax 605-232-2023 • FaxBack 605-232-2561 • Add-On Sales 800-846-2080 
Toll free from Canada and Puerto Rico 800-846-3609 • Sales Hours: 7am-10pm Weekdays, 9am-4pm Saturdays(CST) 


© 1993 Gateway 2000, inc. AnyKey, CrystalScan, black-and-white spot design, “G” logo and “You've got a friend in the business" slogan are registered trademarks, and Gateway 2000, ColorBook, DuoLine, EZ Point and TelePath are trademarks 
af Gateway 2000, Inc. The Intel Inside Logo, Intel, Pentium and OverDrive are trademarks or registered trademarks of Intel Corporation. All other brands and product names are trademarks or registered trademarks of their respective companies, 
All prices and configurations are subject to change without notice or obligation. Prices do not include shipping. Energy Star compliant systems may not remain within EPA guidelines if upgraded to a Pentium processor. 


Thank you, Gateway customers everywhere, for your 
support in 1993. As you can see by the number of major 
industry awards we received, it was another 
banner year for Gateway 2000. And we owe 
this success to you. Our most treasured 

honors are the *Readers' Choice" awards 

that come from PC users. The majority of 
our awards are this variety, which is why we 
feel so fortunate this year. 


` Thanks again for these groovy tributes. We'll do 
everything in our power to live up to the 
confidence you've shown in us. You're the best! 


С Your Friends at à GATEWAY 2000 


January 1994 PC WORLD 
Desktops — #1 in Overall Reliability & 
Likelihood of Buying Again 

Portables — #1 in Overall Reliability, 
Repair Service & in Likelihood of 
Buying Again 


Best Service and Support 
Best Mail Order Company 
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XVision 9 

Your Ultimate 
Connectivity 
solution 


XVision 5" Automatic Font Substitution 
The market-leading Microsoft® Windows" PC X Server, is Expert system technology locates the "best match" whenever 
packed with smart features that make it your best connectivity a font requested by an application is unavailable on your PC. 


solution for running and displaying X Window and VT320 
applications. 


Desktop Command Center 

Navigate through the whole range of 
enterprise-wide operating environments. 
Networked host connections, log-on 
procedures and application launching are 
quick and simple icon movements. 


Smart Installation and Configuration 

Installation is automatic with XVision 5. 

Built-in system intelligence detects underlying 
network transports and configures itself accordingly. 


Automatic Graphics Speed Optimization 
XVision 5 dynamically adjusts to take best advantage 
of your graphics hardware. 
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Workstation Functionality 
XVision 5 adds to X Server capability by including 
bi-directional file transfer, local PC printing of 
UNIX files, keyboard mapping and VT320 


terminal emulation. 


Easy-to-Use 
Extensive on-line help and new smart 
interactive diagnostics make XVision 5 
the easiest PC X Server to use. 


X Vision 5" 
The Smart PC X Server 
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State of the Art 


DEVELOPING FOR MULTIPLE PLATFORMS 


Businesses expect software to run on Macintosh, DOS, Windows, and Unix. Moving an application to 
another platform is a daunting task that can change a developer’s approach to writing software. 


DOUGLAS K. OLSON 


MARK FISHER © 1994 


LE usinesses today expect the same ap- 
plications to be available for Win- 


dows, DOS, and Macintosh computers. 
Consequently, engineers are finding ways 
to sustain and codify cross-platform de- 
velopment efforts. Their strategies are var- 
ied, and the process remains highly sub- 
jective, but new tools and techniques are 
gradually beginning to speed and simplify 
cross-platform development. 

One simplification has come with ANSI 
C and C++, which freed developers from 
compiler-specific design. By adhering to 
ANSI C syntax, for example, developers 
can create code that comes closer than ever 
before to being compatible with compilers 
for multiple platforms. In effect, applica- 
tions are moving toward real portability. 


Toward Compiler Independence 

Many issues still stand in the way of com- 
piler independence. For one thing, despite 
the ANSI standard, various compilers in- 
terpret C syntax differently. Тһе reality is 
that developers must still write C code for 
specific, individual compilers. 

For example, ANSI C does not define 
the size of all data types. Integer size can 
be either 16 or 32 bits—whichever is op- 
timal for a given platform. Developers of- 
ten make the mistake of depending on the 
size of this variable in their code. And 
compilers on the same platform implement 
this data type differently. 

Developers also need to be aware of 
processor-based restrictions. For example, 
compilers must align data structures on 
short- or long-word boundaries, accord- 
ing to the memory-addressing rules of var- 
ious processors. Trouble can result when 
code makes different assumptions about 
such alignment. 

Platform conventions also define com- 
pilers. For example, the Mac environment 
groups and identifies resources by four- 
character constants, such as ICON for an 
icon resource or PICT for a picture re- 
source. Most Mac compilers let you assign 
these four-character constants to 32-bit 


FEBRUARY 1994 BYTE ӨЗ 


ЕТС Ой Developing for Multiple Platforms 


Porting Adobe Photoshop: A Case Study 


P the course of developing and porting Adobe 
Photoshop, a package for editing images, Adobe 
engineers have leamed a number of lessons. 

When Photoshop was conceived in 1988, the 
Mac was the only affordable desktop system with 
the needed horsepower. Adobe developed the 
application in MacApp, an object-oriented frame- 
work using Object Pascal. At that time, Windows 
was not a significant factor for graphics appli- 
cations, and the Mac was clearly the platform 
of choice for graphics and desktop publishing. 

By late 1990, it was clear that the Windows 
platform would become a major mar- 
ket, and Adobe began planning its first 
Windows port. The company faced a 
difficult task. Understandably, it had 
not taken enough of the precaution- 
ary and preparatory steps that are rou- 
tine today. Adobe had created a base of 
source code for which there were very 
few tools. Windows compilers existed 
for C, C++, and Pascal, but not for Ob- 
ject Pascal, which was litte known out- members. 
side of Apple. 

МасАрр itself presented a serious porting chal- 
lenge. To port Photoshop, not only the application 
code would have to move but also the entire 
MacApp framework. 

While planning this first Windows port, Adobe 
was also mapping out new features for the next 
major upgrade. Clearly, if Adobe engineers opt- 
ed to take a snapshot" of the existing Photoshop 
code and then embark on a complex port to Win- 
dows while simultaneously bringing major new 
features to the Mac side, the two versions would 
be hopelessly out of sync. 

Still, market conditions favored the snapshot 
approach. No one was certain that Windows 
would become a popular, viable platform for 


Doug Olson (lower left) 
with Mobe Pholoshop team 


graphics and desktop publishing software. And it 
seemed unwise to tle up the highly successful 
Mac version of Photoshop while engineers re- 
worked the application to sustain future cross- 
platform development efforts. 


EMULATING MACAPP 

In the end, Adobe opted for a sustained approach, 
hoping to avoid an endless pattern of releasing 
different platform versions with leapfrogging fea- 


ture sets. Adobe decided to do a bulk transla- | 


tion of Photoshop from Object Pascal to C++ 
and to restructure the application into 
separate core and edge code. It would 
also create its own framework for Win- 
dows that emulated MacApp. 

The first step was to form separate 
Mac and Windows development teams. 
Engineers on the Mac side would re- 
structure the product to separate core 
code and API-related code. They would 

use MacApp 3.0, written in C++. Their 
goal was not to port code but to struc- 
ture it property. At the same time, the 
Mac team was working on new features for the 
next major revision. 

Meanwhile, the Windows team began buiid- 
Ing an emulation of MacApp. They looked at the 
existing Photoshop and emulated only the re- 
quired portions of MacApp—those relating to 
the user interface. Their goal was to bring Mac- 
App functionality to Windows and thus ensure 
that Mac code would compile under Windows. 

At that time, it was unclear whether the Win- 
dows team would be licensed to use MacApp 
source code, so they worked without it, using 
headers that described the MacApp API and 
building their own analogs. As a result of their ef- 
forts, it is possible, using emulated portions of 


variables. But this is not strictly legal ANSI 
C behavior and will fail on platforms that 
don't observe this convention. 

The ANSI standard offers a mechanism 
for deviating from its imposed uniformity. 
For example. to tell a compiler to generate 
code for a specific processor. developers 
use #pragmas, C words that govern plat- 
form- and compiler-specific directives. 

When groups of people program to- 
gether, source code management tools are 
essential. The danger is that two people 
will modify the same code at thc same 
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time, destroying each other's changes. 
Also, it is often necessary to track code 
changes and store iterations. Unfortunate- 
ly, until recently, most vendors of version- 
control software built their products for 
one line of platforms. 

One common solution is to establish a 
system that acts as a neutral third party. 
For example, teams targeting Windows 
and the Mac could choose a source code 
control package on a Unix machine. Ап- 
other strategy is to standardize on a ver- 
sion-control system for a given platform, 


MacApp, to translate the Mac GUI into a Win- 
dows GUI. Adobe developed its own tool that con- 
verts Mac view resources—which describe in- 
terface elements such as dialog boxes and 
buttons—for use by the emulated MacApp. 

This effort was so successful that, to this day, 
as Adobe's developers continue to improve Pho- 
toshop, thelr code for new features usually com- 
piles without modification under either platform. 
Aside from the usual compiler independence 15- 
Sues, little hampers this process. Now, when de- 
velopers complete new Photoshop features for 
either platform, the same features can be running 
on the other platform in short order. Mac and 
Windows versions of Photoshop ship within weeks 
of each other. 


NEW PLATFORMS—UNIX, POWERPC, AND NT 
Encouraged by the successful Windows port and 
market forces, Adobe decided to develop Unix 
versions of Photoshop, including Sun Microsys- 
tems and Silicon Graphics. By leveraging fast VO 
bandwidth and RISC processors, Photoshop will 
get a big performance boost. 

To bring Photoshop to Unix platforms, Adobe 
is using Latitude, an emulated АРІ system from 
Quorum Software Systems. Because the Quorum 
system emulates the Macintosh API, MacApp 
ported directly. A high percentage of Photoshop’s 
Mac source code, running against Latitude’s 
Unix libraries, has compiled without change. 

Adobe is currently porting Photoshop to the 
PowerPC Mac and Windows NT. While it is too 
early to discuss either port in much detail, the ba- 
sic approaches are clear. 

In porting Photoshop to the PowerPC, the 
quirks of MacApp proved to be the major obsta- 
cle. Apple's compilers for the PowerPC, which 
were written by IBM, were not geared to certain 


such as Projector, part of the MPW. Here, 
thc entire cross-platform team would have 
access to Mac machines and would check 
their code in and out of the Mac. 

This picture is changing as vendors de- 
sign source code management products for 
multiple platforms. One Tree Software's 
(Raleigh, NC) SourceSafe maintains com- 
patible tools and source code database files 
that run on the Mac, Windows, and Unix. 
Intersolv's (Rockville, MD) PVCS Ver- 
sion Manager is a version-control product 
for Windows, NT. DOS, OS/2, and Unix. 


Windows menu 


Adobe Photoshop 


File Edit Mode [mage Filter Select Window Help 
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peculiarities of of Object Pascal. For example, 
one involves. the use of objects based on han- 
dies rather than pointers—a distinctive as- 
pecto of Macintosh memory management. Sup- 


i ‘porting such Object Pascal-hased objects and 
" E calling : | sequences was too much for the Pow- 


erPC compiler. To get. around this, Adobe and 
Apple Jointly developed a new version of 
_МасАрр that compiles under PowerPC. 

` PowerPC. and NT bring important changes 
to APIs and гаізе the usual Issues of compiler 


independence. With NT, for example, the target 


1 machine | may be using any of a number of dif- 


ferent processors from intel, Mips, a and DEC. 
NT brings important benefits to applications 
like Photoshop. For example, image-processing 
applications need large data structures. To run 
under Windows, these had to be broken into 64- 
KB units—a requirement that NT eliminates 
because it relies on a 32-bit flat-memory mod- 
el, just like the Mac. Thus, NT removes the per- 
formance constraints that compromise the per- 


ول 


: formance of Photoshop under Windows, - 


"di p. 


n tums out that, with the MacApp emula- 


tion well established on the Windows. side, the 


Photoshop Windows source code contains no 
attributes that do not easily compile. There- 
fore, the Adobe team was able to move Photo- 
shop easily to NT. | 


Debugging is an inherently low-level, 
platform-dependent task. Now, no debug- 
gers work the same way or present the same 
interface from platform to platform. The 
idiosyncratic nature of debuggers makes 
it a challenge for developers to acquire ex- 
pertise in more than one platform. 

Object-oriented frameworks, such as 
Apple's MacApp and Microsoft's Foun- 
dation Classes, provide a generic applica- 
tion to which developers need only add 
specific behavior. For example. MacApp 
has a class library that implements a stan- 


dard Mac application—it handles menu 
commands, updates windows, dispatches 
events. deals with the Clipboard, and so 
on. The class library handles all the general 
items, and the developer provides the ap- 
plication-specific behavior. 

Such frameworks can be a boon to de- 
velopment but, unless they target multiple 
platforms, can seriously hamper future 
ports. For example, Adobe originally de- 
veloped Photoshop for the Mac using thc 
MacApp framework and then decided to 
port the product to Windows. There was no 
abstracted, portable API into MacApp— 
and certainly no corresponding Windows 
version—so developers faced an unusual 
challenge (see the text box “Porting Adobe 
Photoshop: A Case Study"). 


Code Issues 
To gain performance, virtually all com- 
mercial developers write key portions of 
application code in assembly language. 
By hand-assembling performance-sensi- 
tive components. the developer will gen- 
crate more efficient code than the compiler 
and selectively give a boost to important 
operations. For example, painting with a 
mouse in a Photoshop document is a well- 
defined, highly performance-sensitive task. 
Because Adobe didn't want to compromise 
performance here, it wrote the inner loops 
of that function in assembly language. 
The problem is that processor-specific 
assembly code is inherently not portable; to 
facilitate the porting process, developers 
have learned to maintain high-level lan- 
guage analogs of assembly language com- 
ponents. Now, when developers rewrite 
critical C code in assembly, they retain the 
original C code as well. With these C ana- 
logs, engineers can quickly move a pack- 
age from one platform to the next. They 
can get a C version running on the new 
platform and only then decide whether to 
again rewrite specific sections of code in 
the new platform's assembler. 


Мас menu 


As RISC-based systems account for a 
larger share of the desktop market, future 
applications will use less assembly lan- 
guage. With RISC, assembling code by 
hand is dauntingly complex, and a com- 
piler can almost always do a better job. 

The move to RISC processors will pre- 
sent other challenges as well. Because it 
relies on a small and relatively simple in- 
struction set, a RISC machine needs many 
more instructions than a CISC processor to 
represent a high-level function. For ex- 
ample, some Mac applications may double 
in size as they move from 680x0- to Pow- 
erPC-based platforms. 


Like a Family Reunion 

Historically. porting strategies can be com- 
pared to certain aspects of a family re- 
union. А defining moment of either is a 
family portrait —a snapshot documenting 
the state of application code for a particu- 
lar platform at a given moment. In a real 
family, once the photo has been taken, 
members begin to move around; similarly, 
having recorded the code at an instant in 
time, developers begin changing it. 

On the one hand, the application code 
for the original platform is modified as it is 
maintained and upgraded. At the same 
time, another team of developers is mi- 
grating the code, as recorded in the snap- 
shot, to a new platform. So at a definable 
instant in time, one set of code begins head- 
ing in two directions, changing in various 
ways for different reasons. 

Typically, once the port is completed, 
developers return to the first platform and 
begin planning the next major revision. 
But what should they upgrade? The orig- 
inal snapshot version has changed a lot, 
and in porting to the second platform, de- 
velopers invariably add new features and 
functions. So where do developers start? 

The usual answer lies in the family re- 
union. The latest versions for both plat- 
forms must somehow be reunited and rec- 
onciled to provide a basis for the revision. 
Like family members who have not seen 
one another for many years, the two sets of 
code do not easily recombine. Develop- 
ers do their best to re-create a common 
code base that incorporates desirable fea- 
tures from both versions. But this process 
can become so difficult that it is often eas- 
ier to port just the application in reverse 
order, from the second platform to the first. 


Virtual APIs 
One improvement over the family-snap- 
shot approach is to emulate the original 
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platform’s API on the new platform. This 
is the next logical evolutionary step in de- 
velopment strategy. 

Products are offering these emulated 
APIs and cross-platform code libraries. 
Examples are Quorum Software Systems’ 
(Menlo Park, CA) Latitude, a Mac-to-Unix 
product, and Altura Software’s (Pacific 
Grove, CA) Mac2Win, a Mac-to- Windows 
product. In theory, about 80 percent of the 
source code in a standard high-level lan- 
guage should compile. 

However, emulated APIs and their li- 
braries invariably trade performance for 
speed of development. One problem is that 
different APIs do not map precisely to one 
another. The extra code required to com- 
pile disparate operations from one graph- 
ics model to another can significantly slow 
application performance. One answer is 
to write platform-specific code here, reach- 
ing through the emulation and writing di- 
rectly to the target API. This effectively 
trades portability for efficiency. 

One way around fundamental differ- 
ences is to create a virtual API that repre- 
sents no single platform but embraces stan- 
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dard functions of many. This generic API 
runs on many platform APIs. When a de- 
veloper builds a window, for example, this 
virtual API would call NewWindowí) 
on the Mac side and CreateWindow() 
on the Windows side. One commercial 
product of this type is XVT (Extendable 
Virtual Toolkit) from XVT Software 
(Boulder, CO). 

Unfortunately, these generic APIs of- 
ten produce bland software. Such appli- 
cations are unlikely to consistently lever- 
age Windows or Mac GUIs in ways that 
users like. For this reason, virtual APIs 
are less attractive to commercial develop- 
ers. These APIs are more practical for, say, 
vertical-market software developers or 
MIS departments that need to target an in- 
house application to multiple systems. 


Successful Approaches 

Today, one popular way to speed the port- 
ing process is to separate core code from 
edge code. Core code includes the basic 
operations that are common across all plat- 
forms. À spreadsheet performs calcula- 
tions and manages data in cells; a word 


Introducing the $139 investment no 
computer user can afford to be without... 


equipped to handle. 


po itte; рп NUE 

ring po. disturt 4 ес 

50 your data and Ба 

желілі mum n 
= te 


r= E d 


Blackouts, brownouts, sags... 
computers, your bottom line is directly linked 
to your power line. The fact is, your data and 
hardware are vulnerable to problems that Se 

° suppressors and powér. diréctarsijiist aremt 


Now there's an Uninterruptible Power Supply (UPS) to suit 
any budget. Back-UPS® are perfect protection for LAN servers, 
personal computers, phone/fax systems, POS equipment, or any 
other device that can go down when the power does. If lightning 
isa concem, Back-UPS are even backed by a $25, асе 
policy against surge: damage to} ur АШ (сє. details)... 

So don't wait for Ше: irt 
| business. Protect. your. pro ductivity 
ш las a e aie 


— "IA УМЕР | "PA < 
à CAN PO! | CONVERSIO 
= 

% 


[^E e "AE ME 

i P 

ғ Еч - a 
800-4, 


processor formats text; and image-pro- 
cessing software blurs and sharpens— 
these operations run more or less the same 
on all platforms. Edge code includes those 
parts of a program that deal with platform- 
specific issues, such as human-interface 
functions. 

Engineering platform-independent code 
in one large effort and optimizing plat- 
form specifics in parallel, smaller efforts 
produces major efficiencies. This approach 
is popular with many commercial devel- 
opers because it does not compromise the 
product’s “platform flavor.” Microsoft es- 
timated that 90 percent of the then-unre- 
leased Microsoft Word 6.0 would be based 
on common code. 

Today’s most widely used object-ori- 
ented development environments take 
advantage of core-/edge-code separation. 
One new cross-platform development 
framework from Borland is OWL (Object 
Windows Library). Another object-ori- 
ented framework, Bedrock, is being de- 
veloped by Apple and Symantec. Bedrock 
will give developers a somewhat abstracted 
API that controls two separate frameworks: 
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BLASTER 


NOW THERE'S A 16-BIT SOUND BLASTER FOR EVERY APPLICATION AND BUDGET. 


Every day, more people buy Sound 
Blasters than any other PC audio 
card. Except for a few of you. You 


know who you are. Boosts CPU 
But now there’s а 16-bit Sound efficiency by up 
Blaster™ for every application and ее sel 
budget... and по more excuses ог Pressing 
owning anything less. upgrade. 
SOUND BLASTER’ 16 BASIC EDITION: 


MORE VALUE. 
16-bit performance at an 8-bit price. Same great 
hardware as our premium models, but 
in a no-frills $199.95* package. 
Same Wave Blaster" Sampled 
Wave Synthesis and Advanced 


Creative 
Voice Assist” 


software and micro - . А 

ears hands-free ” Signal Processing options, too. 
Windows control for SOUND BLASTER 16 MULTICD: 
Sound Blaster MultiCD MORE CD-ROM OPTIONS. 
and SCSI-2 packages. лы «d aimer 


If you've got another manufac- 
turers CD-ROM drive, take heart. Here's a Sound 
Blaster 16 that's 100% compatible with best-selling 


drives from Sony, Mitsumi, and Panasonic. 
"All prices listed are manufacturer's suggested retail 


It can even run two different drives at the same 
time. Which only makes sense, considering our 
$249.95* price will save you enough money to buy 
the second one. 

SOUND BLASTER 16 SCSI-2: 
MORE SCSI COMPATIBILITY. 
Waiting for full SCSI compatibility in a Sound 
Blaster? Wait no longer. 
Sound Blaster 16 SCSI-2 meets 


Upgrade 3 


the new, more comprehensive 
SCSI standards that other cards MIDI applica- — 
don't. And runs the complete E ™ Soundtracks 

i р to Sampled Wave 
battery of SCSI peripherals, not Synthesis with a Wave 
just CD-ROM. Blaster daughter board. 


Best of all, it’s got a dynamite software bundle 

and a remarkable $279.95* price. 
JUST WHEN YOU THOUGHT YOU'D 
HEARD EVERYTHING... 

... Along comes Sound Blaster 16. The no-more- 
excuses sound card. Exactly what you'd expect from 
Creative Labs, developers of the industry standard 
16-bit audio platform. 


Sound)" THE 16-BIT SOUND STANDARD. CREATIVE 


CREATIVE LABS, INC. 


U.S. inquiries: Creanve Labs 1-800-998-5227 or 1-408-428-4600. International inquiries; Creative Technology Lid., Singapore TEL 65-7730233 FAX 65-7730353, Sound Blaster, Creative VoiceAssist, 
the Sound Blaster 
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one for Windows and one for the Mac. 
This provides some of the benefits of a 
virtual API while letting developers sepa- 
rately refine edge code for each platform. 


Trade-Offs 

Today, market realities dictate that major 
applications must run on all mainstream 
platforms. Developers are reluctant to in- 
vest in technologies and feature sets that 
exist on only one platform. This is why 
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Microsoft is eager to introduce the newest 
version of OLE to the Mac, and why Apple 
has made its QuickTime video technology 
available to Windows. Developers want 
to know about a feature’s cross-platform 
potential before they incorporate it. 

On the other hand, if developers decide 
not to target single-platform technologies, 
their applications tend to reflect the lowest 
common denominator. Such software may 
be workgroup-friendly, but if it lacks plat- 
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form flavor, it can disappoint individual 
customers. Developers face an ongoing 
challenge to maintain a balance of features 
between platforms without compromising 
the unique flavor of each. 

Developers must also decide just how 
much alike the same application should 
look on different platforms. They know 
that users tend to have a favorite platform 
and expect applications to reflect certain 
platform characteristics. Again, in striv- 
ing for middle-of-the-road commonality, 
an application can fail to leverage the best 
attributes of either platform. 

A related issue is the timing of releases. 
However methodical and even-handed en- 
gineers try to be in cross-platform devel- 
opment, they usually favor one platform 
over another, so the second version tends 
to lag. A company determined to release 
versions for different platforms at the same 
time invariably compromises performance, 
features, or time-to-market in one version. 

Managing cross-platform development 
teams involves different trade-offs. The 
challenge is to sustain work on two plat- 
forms, while challenging the imaginations 
of all developers. It’s important to ensure 
that no one team gets stuck with too much 
drudgery for too long. One solution is to 
assign platform experts to developing edge 
code and put generalists to work on core 
code. Another is to have one team working 
on new features for one platform, while a 
different team ports a "snapshot" from that 
first platform to a second. 

This latter approach can be effective in 
bringing software to market, but it really 
isn't sustainable for long, because it fails to 
efficiently leverage the teams' overall ef- 
fort. This means products will be slow to 
market, and companies will incur high en- 
gineering expenses. 


Here to Stay 

New operating systems are becoming in- 
creasingly portable. Users will soon be 
able to choose hardware and system soft- 
ware independently of each other. As a 
consequence, cross-platform development 
is here to stay. For developers, the ability 
to write portable code using techniques 
such as core-/edge-code segregation and 
object-oriented methodologies is becoming 
a key competitive advantage. B 


Douglas K. Olson is manager of engineering for 
imaging and video applications, Application Prod- 
ucts Division, Adobe Systems. You can reach him 
on the Internet at dolsonQ mv.us.adobe.com or 
on BIX c/o "editors." 
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COMPILERS FOR PARALLEL CPUS 


New computers using multiple CPUs may increase throughput considerably—providing the 
compiler understands how to build code for the specific machine 


OLIVER SHARP 


wo heads are better than one—or at 
least they can be. With this in mind, 
computer designers and programmers have 
long sought to harness processors togeth- 
er so that time-consuming applications will 
execute faster. During the past few dec- 
ades, researchers and manufacturers have 
created wildly different parallel-processing 
architectures. This has kept life interest- 
ing for applications developers, who must 
learn how to use the new machines. The 
primary burden, however, falls on systems 
developers and compiler makers to create 
tools that exploit the new capabilities. 

Four main types of parallel machines 
are VLIW (very long instruction word), 
distributed-memory, shared-memory, and 
data-parallel (see the text box “Types of 
Parallel Machines”). Each type has its 
own set of implications for compiler de- 
sign and use. 

A variety of programming models have 
been proposed for building parallel appli- 
cations. In some cases, the programmer 
does all the hard work, while in others, the 
compiler is responsible. Some models 
leave the parallelism exposed and obvi- 
ous, some force the programmer to ex- 
press it manually, and others require the 
compiler to dig it out. The same holds for 
scheduling onto the available processors. 


Dusty Deck Model 
The simplest solution is the dusty deck 
model, the one programmers like best. It 
provides а - parallel option on the 
compiler. If you feed an existing program 
through the compiler, efficient 
code pops out for your 
parallel machine. This 
idea is the holy grail of par- 
allel compilation and has 
been enthusiastically pursued 
by the research community. Unfortunate- 
з ly, the results have not been encouraging. 
2 (The term dusty deck is a rueful homage to 
the thousands of huge, time-consuming 
applications, written on punched cards in 
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DISTRIBUTED-MEMORY ARCHITECTURE 
A computer network is опе form of distributed- 
memory machine. А better approach uses a sin- 
gle box for up to 1000 processors, with hard- 
ware for fast communication. Key issues include 
bandwidth, latency, topology, network interface, 
and communications/computation overlap. 
This is the most popular approach. Thinking 
Machines' CM5 Connection Machine has a net- 
work of SPARC processors that can theoretical- 
ly yield 100-plus MFLOPS performance. Others in- 
clude the Cray T3D, with DEC Alpha processors, 
and the Intel Paragon, with 860s. 


VLIW MACHINES 

VLIW (very long instruction word) machines have 
many functional units (e.g., floating-point adders 
and multipliers). Where superscalar chips have a 


couple of these units, VLIW machines have 


Types of Parallel Machines 


Very Simple VLIW 


languages such as FORTRAN, which have 
been running for decades.) 

Recompiling these dusty decks is hard 
because it is difficult to figure out what they 
do, how to transform them, and how to de- 
compose them for good parallel perfor- 
mance. Before the compiler can exploit par- 
allelism, it needs to know how the existing 
code behaves. This is a major problem with 
most languages now in use. It’s easy to 
translate array operations into correct exe- 
cutable code but much harder to summa- 
nze array behavior at a higher level. 

In a complicated loop, for example, the 
compiler is faced with dozens of lines of 
code that invoke procedures, walk over ar- 
rays, and jump around unpredictably. What 
эв 
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dozens. Each instruction can have up to 1024 
bits, with many small subfields that tell a unit 
what to do. Its up to the compiler to keep all 
the units busy. Multiflow Computer built and mar- 
keted a major VLIW design in 1988. The com- 
pany developed many interesting compiler tech- 
niques, but it went out of 
business in 1991. 


SHARED-MEMORY 
ARCHITECTURE 
Attaching all processors and 
memory to a shared bus cre- 
ates a single address space. 
Memory location 1000 оп 
each CPU refers to the same 
piece of storage. Program- 
mers don’t need to send 
data between CPUs. 


512-bit 
VLIW instruction 


data does each iteration touch? Could it- 
erations be executed in parallel’? How bal- 
anced is the cost of execution across itera- 
tions? These are hard questions to answer. 
Nor is it enough to just understand the 
code as it stands. Anyone who has “paral- 
lelized” applications knows that good per- 
formance usually requires changing the 
code’s behavior. Some parts must be re- 
coded entirely, data structures modified, 
or array traversal changed. And compil- 
ers aren't good at any of those tasks. 
Even after you have fully analyzed and 
transformed a program, you aren't donc. 
You must still decompose operations for 
the parallel architecture, making schedul- 
ing decisions and embedding them into 


калар Architecture 


Caching is required for performance, but in- 
telligent caches are needed to work correctly. 
Consider the following example: Processor A 
reads a memory location and caches the data; 
processor B writes a new value to that same lo- 
cation. “Snoopy” caches, which monitor the bus, 
keep A from using the outdated value. 

Adding processors means you eventually run 


the executable file (see the text box “Соп- 
verting an Application for Parallel Pro- 
cessing”). The conversion requires the pro- 
grammer, the compiler, or both to make 
a lot of nontrivial decisions about how to 
break up the problem. 

Although the fully automatic approach 
hasn't worked well, researchers have dc- 
veloped many systems for interactively 
analyzing, transforming, and decompos- 
ing sequential applications. These make 
the task less oncrous but are far from being 
turnkey solutions that shield the program- 
mer from the complexities of parallelism. 


Message-Passing Libraries 
Message-passing libraries move you from 
onc extreme to the other. With them, you 
forget the compiler and manage the 
parallelism yourself. 
Most applications that 
run on distributed- 
memory machines 
today use message- 


out of bandwidth, so shared memory has lost 
popularity except for speedy desktop machines. 
Newer operating systems—including 06/2 and 
Windows МТ—аге being extended to support 
a few processors. Most shared-memory ma- 
chines to date (e.g., the Sequent) run Unix. 


DATA-PARALLEL ARCHITECTURE 

This unusual machine has many small, limit- 
ed processors that work together in lockstep. 
A central unit broadcasts a command to each, 
and they all execute together. The best-known 
data-parallel machine is the 1987-vintage, 
64,000-processor CM2 from Thinking Ma- 
chines. 


passing libraries that give the programmer 
full control over decomposition and sched- 
uling. These libraries provide routines to 
distribute tasks to processors and send data 
back and forth across the machine. Some li- 
braries support features such as asynchro- 
nous communication; you hand them a call- 
back routine that will be invoked the next 
time a message arrives. 

The compiler doesn't do much with 
these kinds of applications; they are treated 
like ordinary sequential programs. Writ- 
ing an application using message passing 
is like programming in assembly language; 
you get control of the system whether or 
not you want iL. You also spend much time 
manually shipping data around the system. 

Debugging becomes a terrible job. А 
program's behavior can change every time 
it runs. Worse, many bugs depend on tim- 
ing. If a message arrived in time, the pro- 
gram reads correct data; if not, you get 
garbage. Also, the bug may occur on some 
runs but not others. Adding debugging 


code can change the timing enough to 
mask it. If you take the test code out, the 
bug reappears; this can be maddening. 


The Shared-Memory Model 

The shared-memory model is the usual way 
to program a shared-memory machine. A 
copy of your executable file runs on each 
processor; all share the same data. They 
communicate with 

one another the 
same way multiple 
threads do; they can 
set or release locks or 
use semaphores. 

А "bag of tasks" is a simple strategy 
that's easy to code with the shared-memory 
model. Divide the work into separate tasks 
and put the tasks into a 
bag, or a list. The differ- 
ent processors draw work 
from the list; when one 
processor finishes a task, it 
picks up another from the 
list. To access the list safe- 
ly, you must use a sema- 
phore to request exclusive 
access. When the request 
returns, you own the list 
and can remove the first 
item on it. You release the 
lock and start on the task. 

The advantage to this 
model is that the pro- 
grammer doesn't have to 
move data. Just by refer- 
ring to a memory location, you arrange for 
the data to be available to your processor. 
But don't ignore locality; even on a shared- 
memory architecture, there is a cost to data 
transfer, and you get poor performance if 
you don't pay attention to it. 

Debugging is easier on a shared-mem- 
ory model, because data is immediately 
accessible, and programs are less cluttered 
with explicit communication routines. Still, 
timing-dependent behavior is a serious 
problem. 

As with message-passing libraries, the 
compiler usually doesn't help much. The 
programmer has to assign work to proces- 
sors and manage the interactions, although 
the code is more compact than for a dis- 
tributed- memory application. Some re- 
searchers have looked at using compiler 
transformations to improve performance; 
the problem is related to cache тапарс- 
ment on a sequential machine. 

While this model is most commonly 
available on shared-memory machines, an 
ambitious goal is to supply it on other ar- 


chitectures. Here, the compilcr becomes 
an integral player because a simple-minded 
implementation would yield dismal per- 
formance. 


Hints from the Programmer 
This mcthod lets the programmer help the 
compiler. That's the idea behind a num- 
ber of recent languages, including FOR- 
TRAN D, which provides keywords that 
let the programmer specify how to allo- 
cate data across a parallel machine. 

Every processor gets a copy of the pro- 
gram and execute it together. Based on the 
programmer's directives, a processor owns 
some of the data. On a four-processor ma- 
chine, for example, each CPU might own 
every fourth column of a large matrix. 

As the program executes, the system 
decides which processor performs each 
computation according to the “owner- 
computes" rule. When the value of a com- 
putation is assigned to a specific memory 
location, that location's owner performs 
the operation. Other pro- 
cessors must send any re- 
quired data to the loca- 
tion's owner. 

Now under construction, 
the FORTRAN D compiler 
faces the hard task of minimizing commu- 
nications overhead. À modern processor 
can execute a floating-point operation in а 
tenth of a microsecond, but a message be- 
tween processors takes much longer—tens 
or hundreds of microseconds. It is imprac- 
tical for cach instruction to wait for a mes- 
sage to provide data. The solution is for 
the compiler to look at a block of code (typ- 
ically a loop) and know beforehand what 
data each owner will require. Before the 
application starts executing that code block, 
it arranges for each processor to make a 
bundle of data and send it to the owners 
that need it. Each owner can perform its 
computations without further communica- 
tion. Because the programmer can easily 
produce code that is hard to analyze, the 
FORTRAN D user must learn to write pro- 
grams the compiler can handle effectively. 


Data-Parallel Programming Model 
The data-parallel programming model pro- 
vides the programmer with primitive op- 
erations that can be ap- 
ae" plied to an entire set of 


“% 


data at once. Ву com- 
posing these opera- 
tions, you can perform 
complex and powerful 


4 y manipulations of large 
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Converting an Application for Parallel Processing 


[ magine that you аге trying to imple- 
ment a simple climate model on a dis- 
tributed-memory parallel machine. There 
is no need to describe climate modeling 
in detail here; you can look at paral- 
lelization without understanding much 
about the physics being modeled. This 
example outlines a simple-minded ap- 
proach to the problem and explains why 
it may or may not perform well. 


Creating the Model 
First, divide up the 
earth’s surface using a 


iteration are computed and stored; you 
can view those results after the program 
finishes to find out what happened. 


Analyzing the Parallel Possibilities 

The first step in parallelizing the model 
is to figure out how to decompose the 
problem. This application, like many 
physical models, has good locality—a 
grid square directly influences its neigh- 


Master/Slave Parallel Processing 


costs are about equal for communicat- 
ing between any pair of processors. The 
listing “Master/Slave Parallel Process- 
ing” shows how the application might 
be structured on such a machine. So how 
much faster will this application run on 
16 processors rather than on just one? 
That depends. 

Your biggest ally is locality; the “area- 
perimeter" rule says that if you only com- 
municate at the edges of a 
rectangle, the ratio of com- 
munication to computation 
improves as the rectangle 


2-D grid. Each grid 
"square" represents, say, 
5 degrees of latitude and 
9 degrees of longitude, 
giving a total of 1440 
grid locations covering 
the earth. (They aren't 
actually squares, of 
course.) The model will 
track various parameters 
for each square: water 
vapor, temperature, ra- 
diation absorption, and 
the amount of sunlight 
reflected by the surface. 
(This simplified model 
might bother a real cli- 
mate researcher, because 
their 2-D models usually 
divide the earth into lat- 
itudinal bands and the 
atmosphere into vertical 
layers.) 


master code() 


1 


} 


/* setup */ 

start up one slave per slave processor 

broadcast to each slave processor the grid squares it will 
handle 

distribute initial data to each slave 


/* start modeling */ 

for i - 1 to max timesteps 
call slave_code() ;tell each slave to compute one timestep 
wait until slaves finish and report results 
compute and store summary information from the results 


tell each slave to die 


slave. code() 


{ 


} 


/* setup %/ 
wait for master to say which grid squares to handle 
wait for initial data 


/* start modeling */ 
do forever: 
get message from host 
if asked to die, commit suicide 
compute, timestep() 
send local-state info to host 


compute timestep(í) { 


gets bigger. That's because 
the amount of data sent is 
proportional to the length 
of the perimeter (2*A 4 
2*B for an À by B rectan- 
gle), while the amount of 
work grows proportional- 
ly to the area (A*B). You 


| divided the problem up 


into a single region per 


| processor, so the rectan- 


gles are the largest possi- 
ble size for your machine. 

On the other hand, three 
problems might trip you 
up. The first is the cost of 
communicating between 
processors. Suppose it 
takes 1 second for every 
processor to exchange data 
with the processors han- 
dling neighboring grid 
points. Ideally, the cost of 


100 


In this model, each it- 
eration corresponds to a 
given amount of simu- | ? 
lated time—say one 
hour—and consists of two steps. First, 
neighboring grid squares exchange in- 
formation. А hot square might leak some 
of its heat to a cooler neighbor, or per- 
haps wind currents lead to the move- 
ment of water vapor between squares. 
Then, after each square gets the infor- 
mation it needs from its neighbors, you 
have the system figure out what happens 
within the square and update its local 
state. To keep track of what the model is 
doing, various summary results for each 


BYTE FEBRUARY 1994 


send interaction information to each neighbor 
wait until each neighbor’s information arrives 
model physics in each grid square, using neighbor info 


bors, not squares on the other side of the 
world. To take advantage of that property 
when decomposing the application onto 
different processors, you allocate con- 
tiguous blocks of grid squares. If you 
chose instead to allocate individual 
squares randomly, this would introduce 
much more communication when the 
squares tried to talk to their neighbors. 
This example uses a simple parallel 
architecture with a master host processor 
that controls 16 slave processors. The 


computing a timestep will 
be much more than a sec- 
опа. If it were exactly 1 
second, you spend only 
half your time doing useful work. If it 
takes one-fifteenth of a second, then even 
if all host-slave communication is free, 
the 16 processors working together 
won't go any faster than just one proces- 
sor acting alone. 

The second potential problem is that 
control is centralized at the host proces- 
sor. The slave processors have to wait 
until the host tells them what to do, and 
all global processing between timesteps 
happens on the host while the slaves re- 


main idle. Even if the host is fast 
enough to keep 16 slaves busy most of 
the time, that may not remain true when 
more slave processors are available. 


Balancing the Workload 

Finally, load-balancing problems can 
easily cut overall performance in half, 
or worse. You have allocated an equal 
number of grid squares to each proces- 
sor; if each square takes the same 
amount of time to compute, that was a 
good decision. Even if they vary a bit, 
you have many grid squares per proces- 
sor so that will help even things out. 
But suppose you have an elaborate 
strategy for modeling ice; when the 
temperature is low enough, you spend 
a lot of time figuring out ice formation, 
thickness, and the fraction of land cov- 
ered. Since ice doesn't cover much of 
the Sahara, a few parts of the world 
will require a lot of processing for the 
ice model while others will not need 
any. The processors that cover the Pa- 
cific Ocean or Africa will finish their 
processing quickly and sit around wait- 
ing while the processors handling the 
poles work on the ice model. This un- 
balanced load hurts performance. 

There are two ways to improve load 
balance: Do a better static decomposi- 
tion of the problem, or move to dy- 
namic scheduling. Static means that 
you divide the problem once at the be- 
ginning and never change your mind. 
You might be able to finesse the prob- 
lem with ice, because the parts of the 
world that are covered with it are fair- 
ly predictable. Rather than giving each 
processor the same number of grid 
squares, you could give the ones man- 
aging land near the poles fewer squares. 
That evens out the load so that there 
won't be as much variance in the time 
it takes each processor to finish. 

A more elaborate strategy for bal- 
ancing load requires a much more com- 
plicated way to manage parallelism. 
Dynamic scheduling shuffles grid 
squares between processors as the ap- 
plication runs; when one processor is 
getting its squares done much faster 
than another, some of the work is shift- 
ed, so the load evens out. Dynamic 
scheduling is tricky to implement well, 
though, and it can lead to a lot of over- 
head if you are not careful. 


amounts of data in a few lines of 
code. If you are familiar with APL, 
you have a good idea of what data- 
parallel programs can look like. 

Data parallelism is appealing for 
many reasons. Since all the paral- 
lelism comes from the operations, 
the application has only one thread 
of control and is much simpler to de- 
bug. Programming languages look 
similar to their sequential cousins, 
although they need special features 
for defining data structures and par- 
allel operations. There is one fly in the 
ointment, however: You must make sure 
that your program does most of its com- 
putation using data-parallel operations, 
because the rest of the time, you are just 
executing sequentially. Most existing ap- 
plications must be completely redesigned, 
and many will not adapt well to a data- 
parallel style. 

Compiling data-parallel languages can 
be easy or challenging. If your target ma- 
chine is data parallel, you can design the 
language to provide the same primitives 
as the architecture. Compilation is a snap; 
you simply translate each data-parallel op- 
eration in the program into the corre- 
sponding machine-language instruction. 

On the other hand, compiling a data- 
parallel program for a different architecture 
can be difficult. The figure “Stencil for 
Computing the Value of А(2,3)” shows a 
simple data-parallel operation in which 
each array element is computed based on 
the value of itself and of the two elements 
below it. The equivalent in a conventional 
language would be as follows: 


for i = 1 to n-2 
ber j = 1 te ñ 
М1, TSF (13.09.7 А[1+1,9], 
3 [599.4] ) 


The figure also shows a shaded area 
representing the data used to compute 
A[2,3]. This data-parallel operation is 
very regular; the shape of the shaded area 
will be the same regardless of the array 
element being computed. The most im- 
portant task in compiling a data-parallel 
computation is to figure out that shape, 
which is called the stencil. 

Here, the stencil includes no neighbors 
to the left or right, showing that columns 
are independent of each other. There is no 
advantage to allocating two neighboring 
columns to the same processor. Rows are 
a different story, however; assigning rows 
randomly to processors would be an ex- 


Stencil for Computing the Value of A[23] — 


ae en ee „с 


An example of a simple data-parallel operation. 


tremely bad allocation strategy. 

The stencil tells the compiler how much 
communication will be required by any 
data decomposition. The compiler must 
minimize communication overhead and 
balance load. However, compilers can deal 
with data-parallel models much more eas- 
ily than conventional programs because 
the stencil can usually be determined au- 
tomatically with good accuracy. Languages 
like FORTRAN often make it very hard 
(and sometimes impossible) to determine 
the stencil. 


Other Language Models 

Conventional languages are hard to ana- 
lyze for parallelism, and their storage mod- 
el is mathematically inelegant. Why not 
toss them out entirely and start over? Many 
language designers feel that way. One 
school favors functional languages like 
Haskell and ML; it is easy to find paral- 
lelism in them. Others rely on unification 
with logic-programming languages inspired 
by Prolog. So far, none of these alterna- 
tives has become widely adopted for par- 
allel programming, but improved imple- 
mentations in the future may gain converts. 


The Future of Parallel Compilation 

It isn't easy to produce a program that runs 
efficiently on a parallel machine. If pro- 
gramming continues unchanged, compilers 
are unlikely to solve the problem auto- 
matically. Researchers will try to help by 
offering tools that ease the transition; they 
will also do their best to offer effective 
new programming models. There's nothing 
computer scientists like better than de- 
signing languages; they won't give up. Ш 


Oliver Sharp works for Heuristicrats Research in 
Berkeley, California. He is completing his Ph.D. at 
the University of California at Berkeley, investi- 
gating compilation for parallel architectures. You 
can reach him on the Internet at oliver heuristi- 
crat.com or on BIX c/o "editors." 
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Advancing Communications 


Today’s telecommunications software offers high speed, scripting, 
and even ease of use 


HOWARD EGLOWSTEIN 


just read E-mail mes- 
sages. If your current communica- 
tions package is more than a few 
years old, you're missing out on all 
the fun. 

Today's advanced communica- 
tions programs promise speed, fea- 
tures, ease of use, and programma- 
bility. The one feature that marks an 
advanced communications package 
is, in fact, a strong programming lan- 
guage. That language should be easy 
to program, yet capable. While it may 
not make coffee and put out the cat 
while transferring your files, it should 
be able to automate many of your 
communications activities. 

In this review I look at seven of 
the communications packages you're 
most likely to see on a software store 
shelf or hear about around the office. 
There are literally dozens of full- 
featured communications packages 
available; I picked these seven be- 
cause of their overwhelming market 
presence. According to the sales 
charts, folks who use MS-DOS com- 
munications software are most like- 
ly to run Procomm Plus from Data- 
storm. Due to Procomm’s start as a 
well-liked shareware package, Pro- 
comm Plus is far and away the most 
popular commercial package. Sec- 
ond place belongs to Telix, a share- 
ware application from deltaComm 
Development. 7-2 

If you use a Macintosh, you're 
sure to have heard of MicroPhone 
Pro from Software Ventures and 
White Knight from Freesoft. Both of 
these packages enjoy fierce loyalty 
from their respective user bases, and 
rightfully so. Running close behind 
these two commercial packages is 
ZTerm, a popular shareware appli- | 
cation. I don't look at ZTerm here, 
but it's available through most Mac- 


intosh shareware sources, and it's well 


Worth a test drive, 


odern data communications | 
software does lots more than 
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Given Procomm’s popularity on DOS 
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machines, it’s not surprising that Procomm 
Plus for Windows is one of the two big 
sellers for the Windows environment. The 
other is Crosstalk for Windows from Dig- 
ital Communications Associates. DCA 
used to dominate in the DOS environment 
as well, but now it appears to have focused 
more on its Windows product, with good 
results. 

As far as communications is concerned, 
the Unix crowd doesn’t need much more 
than it already has. Unix installations come 
with excellent mail systems built in, and 
many Unix users are content to send mail 
directly from their machines via the Inter- 
net. For transferring files from system to 
system, Unix is again years ahead of the 
other platforms with FTP. So how do Unix 
people access their BIX accounts or dial 
into a BBS? Usually through public do- 
main implementations of Kermit, but also 
with Term, a commercial package from 
Century Software. Term is also available 
for DOS, Windows, and the Mac. I look at 
the Unix version here. 


Procomm Plus 

Procomm Plus is the com- 
mercial version of a package 
that prew up as shareware. 
The shareware version practically owned 
the entire DOS market; copies were in- 
cluded free with just about every modem 
sold. Many users happily upgraded to the 
commercial version when it became avail- 
able. Procomm Plus 1.0 had a better script- 
ing language than the shareware version 
and a much prettier interface. Procomm 
Plus 2.01 goes it one better. 

The Procomm interface is largely based 
on control-key combinations to implement 
functions, which makes sense for a key- 
board-oriented DOS environment. You 
can choose to activate Procomm's menu 
and use it with a mouse, but most users 
stick with the keyboard. 

Procomm’s functions are grouped into 
several primary menus. The setup menu, 
for example, gives you control over mo- 
dem settings, file transfer options, and en- 
vironment features such as “file done" 
alerts. Other menus include dialing, mac- 
ros, and hardware setup. Procomm sup- 
ports serial port speeds of up to 115.2 Kbps 
on serial ports COMI through COMS; 
the I/O addresses and IRQ (interrupt re- 
quest) settings for all ports are fully con- 
figurable. 

Like all the other communications soft- 
ware programming languages, Procomm 
Plus's Aspect is a procedural language. 
You specify a series of events that must 


occur in a particular order. The sample 
Aspect script listing shows a simple script 
for logging on to the BIX on-line service. 
Aspect has about 240 commands to do 
everything from watching a service for 
specific strings to painting custom dialog 
boxes on your screen. 

However, a communications session 
often has unpredictable events that can 
disrupt the flow of a purely procedural lan- 
guage. The ability to handle so-called in- 
terrupt events is one feature that separates 
the good packages from the average. As- 
pect provides a WHEN statement that lets 
you define up to three interrupt events for 
a program to watch for and handle while 
doing other things. 

For example, your on-line service might 
put out a "..more.." prompt at the end of 
each page and then wait for you to press 
the return key. Adding the line WHEN 0 

.more.." transmit "^M" any- 
where in your script will handle this com- 
mon situation, sending a carriage return 
in response to the prompt to provide con- 
tinuous scrolling. 

Surprisingly, Procomm Plus doesn't 
support devices other than standard 8250/ 
16450 and 16550 UARTS and modems. If 
you have a networked communication 
device that works through INT 14 emula- 
tion, you'll either have to buy the net- 
worked version of Procomm or look else- 
where. Being a DOS package may give 
Procomm Plus the edge when it comes to 
performance, but it also means that you 
can't do background file transfers. If you 
need this ability, you'll want to either run 
the package under Windows or some oth- 
er multitasker, use a Windows program 


instead, or keep some creaky old 286 sys- 
tem around for doing file transfers. 


Telix 

Telix grew up at about the 
same time as the shareware 
version of Procomm, and it 
shows: Telix has a look and feel remark- 
ably similar to Procomm’s (see the screens 
on page [04), and many of the function 
keys do precisely the same things they do 
in Procomm. I’ve included Telix here be- 
cause every DOS communications soft- 
ware user I spoke with either has tried or is 
currently using Telix. Why? Largely be- 
cause it's still shareware and it costs only 
$39 to register. 

Telix offers two distinct programming 
languages, Script Application Language 
for Telix, or SALT, and Salt Implemen- 
tation, or SIMPLE. SALT programs look 
very much like C code. A typical program 
is a series of IF statements nested within a 
large WHILE loop. Perhaps I might have 
gotten into SALT programming more if I 
was a C programmer, but I found the C 
syntax unnecessary and the lack of event 
support (such as Procomm's WHEN state- 
ment provides) frustrating. 

SIMPLE is a higher-level language that 
uses an English-like sentence structure to 
represent many of the SALT functions. 
The SIMPLE compiler generates SALT 
code that you can either run directly or 
modify and compile with the SALT com- 
piler. deltaComm expects you to use SIM- 
PLE largely as a tool to learn SALT; I ex- 
pect that most Telix users could just use 
SIMPLE as their primary scripting lan- 
guage. continued 


A sample Aspect script from Procomm Plus that logs onto BIX. | 


proc main 
| clear ; Clear screen 
locate 0 O Д 


Бок 9 0 4 22 14 draw box 
atsay 2 2 14 "Logging m BIX..." 
locate 6 0 1 


if not fromddir 


endif | 
transmit с е wx; ; 


locate cursor at 0,0 


; put message in box 
cursor to row 6 


; if not a linked dial directory script 
dial TYMNET. ENTRY ; dial TYMNET 


Bend a carriage return 


waitfor *identifier" ; wait for TYMNET prompt 


| transmit "A" : send an A 
waitfor ‘log in: ” ; 
transmit "Ьіх^М" ; 
waitfor "Name? " ; 
transmit МАМЕ ; 
transmit "^M* ; 


; wait for TYMNET prompt 

say you want BIX 

; wait for BIX name prompt 

; send your name 

; followed by a carriage return 


waitfor- "Password: " ; wait for password prompt 
transmit PASSWORD ; send your password 


transmit "^M* ; 
endproc 


followed by a carríage return 
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Roundup 


Life at 28.8 


Testing performance of sophisticated com- 
munications software on fast computers re- 
quires fast modems. As luck would have it, 
Microcom sent two of its DeskPorte Fast 28.8- 
Kbps modems as I was putting this review to- 
gether. With V.42bis data compression (up 
to fourfold under ideal circumstances for 
compression), these modems are supposed 
to handle throughput up to 115.2 Kbps. 

If you've never worked with a truly high- 
speed modem before (and | don’t mean a 
9600-bps model), you're in for a shock the 
first time you dial into a system and get 80- or 
90-Kbps throughput on a standard voice line. 
Not only is that much faster than most mo- 
dems can handle, it's faster than many com- 
puters can handle. The serial port on a Mac ts 
only set to do RS-232 asynchronous commu- 
nications at up to 57.6 Kbps. A PC can han- 
die 115.2 Kbps in theory, but most systems 
can't because of software overload. Н you 
plan to do high-speed communications, you'll 
need one of the special communications 
boards like Hayes's ESP, or at least a serial 


port with a 16550 buffered UART to ease the 


load on the communications software. 

If you're a Windows user, the problem is 
much more serious. Windows can’t handle 
incoming serial streams at much over 9600 
bps on most systems because of outdated 
16450-type UARTs used to control the serial 
ports. With a newer 16550 UART you might 


get 19.2 Kbps, but nowhere near the speeds 


faster modems provide with v. ME. com- 
pression. 


Microcom's solution is to put a parallel 
port on the modem and provide a driver that 


tricks your Windows communications soft- 
ware into thinking it's talking to a seríal port. 
| installed the driver as COM3 on my note- 


book machine, and It worked exactly as ad. 


vertised. Not only does the software run at 
full speed, but it frees up a serial port in case 
you're out of IRQs (interrupt request lines) 
on your Windows machine. 

Many communications programs were writ- 
ten before anyone even concelved of а mo- 
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dem running at а DTE rate of 115.2 Kbps. 
Procomm Plus, for example, supports only 
standard Hayes connect messages. When the 
Microcom modem reported a 28.8-Kbps con- 
nection, Procomm didn't recognize it. | had to 
make that connection by dialing manually or 
through a script I wrote in Aspect. 

As another example, the BBS software we 
use for distributing listings is an older ver- 
sion of Opus running on the Fossil serial driv- 
er. Fossil had no trouble handling the high 
data rates, but Opus was written to expect 
connect speeds of up to only 38.4 Kbps. When 
Fossil told Opus that it had connected at a 
serial rate of 115.2 Kbps, Opus got hope- 
lessly confused and assumed а 300-bps con- 
nection. The data stream was fine, but Opus 
overestimated transfer times hy many hours. 
As a consequence, | wasn't able to download 
files much bigger than a megabyte or two 
without exceeding my default time limit of 
1000 minutes. 

When V.34, the final V.Fast standard, is 
approved next spring or summer (or so peo- 


ple expect), don't think that you can simply 


buy a shiny new modem and connect it up. 
Your software may not understand the high- 
speed connect messages. You may have to 
replace your old nonbuffered serial ports with 
something better. Or perhaps you'll have to 
start over from scratch, as we'll have to do 
with our BBS. The 25-MHz 386 we normally 
use will barely keep up with that data rate; the 
serial ports certainly won't, and neither will 
the current software. 

Should you buy a modem now? If you're 
equipping both ends of your data connection, 
there's no reason not to. All the modems avail- 
able are based on the Rockwell chip set. Even 
though this set won't be compatible with the 
final standard, all the modems you can buy to- 
day are supposed to be able to talk to each 
other. Both Hayes and Microcom have com- 
mitted to an upgrade program as well. For 
$39, Microcom will take back your DeskPorte 
and upgrade it to V.34, or send you the parts 
to do it yourself. 


White Knight 

White Knight from Freesoft 
is another package that start- 
ed as shareware. Up through 
version 10, it was known as Red Ryder. 
Now in version 11, White Knight does just 
about everything you'd expect a world- 
class communications package to do. Mac 
software in general does a good job of ad- 
hering to Apple's Macintosh interface stan- 
dards, and White Knight is no exception 
(see the screen). 

I’ve used Red Ryder/White Knight for 
years on my old Macs (a 512K and an SE). 
In all this time, I can't remember ever 
opening the manual, and I’m sorry now 
that I didn't. Not only is the manual easy to 
understand, the foreword is downright fun 
to read. After reading that, I skipped over 
the user stuff and started reading through 
the scripting language specification. (In 
all this time, I' ve never found the need to 
work with White Knight scripts.) 

White Knight's scripting language sup- 
ports about 170 different functions. With 
them you can build scripts (or procedures) 
that add functions to the menu bar, for ex- 
ample, or that define macros triggered by 
on-screen buttons and icons. White Knight 
can also access external programs written 
as RCMDs (special plug-in code resources) 
that will do just about anything you like. 
One provided sample RCMD lets your 
procedures access MacInTalk (available 
separately from Apple) to give you spo- 
ken messages. 

А White Knight script is a straight-line 
procedural program that starts at the top 
and executes to the end. The functions 
mostly mimic those available from the 
menus, but a few conditional statements 
let you compare strings and branch around 
in your program. Unexpected events are 
referred to as ALERTS, and White Knight 
can handle three of them at any time. 

À typical procedure establishes a con- 
nection, sends some preliminary log-in 
strings to a host computer, sets ALERT 
conditions to handle an unexpected line 
drop. gathers up your mail, and then logs 
you off the host. Compared to some of the 
other scripting languages in this review, I 
found White Knight's procedures some- 
what primitive but still functional. 


| MicroPhone Pro 

. Software Venture's Micro- 
Phone Pro is available in 
both Macintosh and Win- 
dows versions. I looked at only the Mac 
version here. Like White Knight, Micro- 
Phone Pro manages to be a full-featured 


communications package behind a user 
interface that conforms well to Apple’s 
interface standard. I had no trouble learn- 
ing all MicroPhone Pro’s main features 
simply by examining the menus. I won’t 
dwell on the user interface here because 
Га be describing just about every Mac 
package you've ever seen. 

MicroPhone supports fewer script com- 
mands than White Knight (only about 70), 
but it includes support for Apple Events 
and external programs (including Mac- 
InTalk support). Through Apple Events, 


you could have an Excel spreadsheet start 
up MicroPhone Pro, run a script to log into 
an on-line service, and grab current stock 
prices into Excel, for example. 
MicroPhone Pro handles interrupt con- 
ditions through an elaborate WHEN state- 
ment. It doesn’t set a resident condition 
handler like White Knight’s ALERT, but 
rather suspends the script execution until 
the conditions match one of those specified 
in your WHEN statement. Possible con- 
ditions include specified incoming strings, 
some amount of wait time, a specified pe- 


COMMUNICATIONS SOFTWARE PERFORMANCE 


Transfer rate between each software product and a BBS running on a 50-MHz 486 with a Mi- 
crocom DeskPorte Fast modem, connected at 115.2 Kbps. The rate shown is the effective 
character rate in bits per second, allowing for Zmodem file transfer overhead, connect 
speed, and telecommunication software overhead. The uncompressed data rate is for a se- 
lection of text files. The compressed data rate is based on transferring files already com- 
pressed with PKZip. The faster transfer rates are the result of the modem's data com- 
pression and will vary according to the different programs’ ability to handle fast data 
streams. Higher numbers indicate faster throughput. However, comparisons between plat- 
forms are ا‎ вх eerte of hardware differences. (N/A = not Вер: чан. ) 


COMPRESSED 
(PARALLEL) 


PRODUCT UNCOMPRESSED - 


DATA 
DOS software! ' we 
Procomm Plus 2.01 59000 N/A N/A 
Төйх 3.21 64000 N/A МА 
Мешке ене Иа ix Oa SSH 
` Microphone Pro 1.0 - E] | rrr NA 
White Knight 1114 | 57600 МА 
Windows software? 
Procomm Plus 1.02 
for Windows 
Grosstalk for 
Windows 2.0 
Unix ee T al ҮК Ны 7 че ай Г МК НИЗ 
^Tem82. |89000 тс ао E 
‘Connection was made to а Microcom modem at 115.2-Kbps DTE speed; the modem-to-modem speed was 28,8 
Kbps with MNP 10, 
но wa adeo n Mamoom او‎ at 57.6-Kbps DTE speed; the modem-to-modem speed was 28.8 Kbps 
NP 10. 
EIE made to a Microcom modem at 19.2-Kbps DTE speed; the modem-to-modem speed was 19.2 Kbps 
10. 
‘Connection was made to an ATI V.32bis modem at 9600-bps DTE speed; the modem-to-modem speed was 9600 
Kbps, File transfer protocol was Ymodem. 
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A sample CASL script from Crosstalk for Windows that logs onto MCI Mail. 


label LOGIN 
/* Try to log in to MCI Mail for 50 seconds. If not successful, then 
hang up and exit. */ 
trys = 1 
while online and trys « 5 
watch 10 seconds for 


quiet 2 seconds : reply 


"папе; * : walt 5 ticks : reply UserID 
"password: " : wait 5 ticks : reply Password 
"sorry, inc” : wait 5 ticks : reply : bye : bye 
"СОМ" alarm 1 : message "MCI logon complete" : end 
"call Customer Sanna : ALERT "Connection refused", OK : end 
endwatch 
trys = trys +1 


wend 


nod of silence, a button press, or some ex- 
pression coming true. 

In theory, this should work just as well 
as the resident ALERT. In reality, I found 
it difficult to get some of my MicroPhone 
Pro scripts working the way I wanted, de- 
spite the excellent documentation. Devel- 
oping scripts to access on-line services can 
be tricky, and I expect that getting Micro- 
Phone Pro to handle unusual conditions 
will become easier as I spend more time 
with it. 


Crosstalk for Windows 
Crosstalk for Windows may 
not be the most popular 
Windows communications 
package, but the people who use it defend 
it passionately. During this review, it 
quickly became obvious why so many peo- 
ple (including a number here at BYTE) 
like it so much. 

Crosstalk emulates most standard ter- 
minal types, handles a number of file 
transfer protocols (including a few that no 
other package handles), supports DDE 
functions, and allows connections through 
a network. The network support includes 
redirected BIOS access through INT 14, 
NASI (NetWare Asynchronous Services 
Interface), NCSI (Network Communica- 
tions Services Interface), and the ACS 
(Asynchronous Communications Server) 
interface. The ability to access shared re- 
sources over a network is quickly becom- 
ing a required feature in most software 
packages. A few other Windows packages 
permit this, including the new version of 
Procomm Plus for Windows. 

Configuring Crosstalk for a variety of 
communications sessions is simple be- 
cause of the straightforward way DCA de- 
signed the setup interface. One menu 
choice brings up the settings dialog box, 
which has a number of subfunctions. Each 
of these is accessed through an icon button 
that—unlike most Windows icons—is 
clearly marked with text describing its 
function. 

The toolbar (or Crosstalk's QuickBar) 
has a number of icons that are supposed 
to make using the package more conve- 
nient (see the screen). I found that few of 
them made any sense, and on a notebook 
display they were practically unreadable. If 
you like toolbars in other Windows pro- 
grams, however, you may find them useful. 
I ended up turning them off and using the 
menus. 

Besides strong network support, the oth- 
er standout feature that makes Crosstalk 
worth consideration is its programming 
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language, CASL (Crosstalk Application 
Scripting Language). CASL is an exten- 
sion of the language used in earlier ver- 
sions of Crosstalk. Programming in CASL 
is straightforward, and I found that pro- 
grams generally work the way you expect 
them to. The sample CASL script listing is 
a routine for logging into a system. The 
CASL documentation is fat and daunting, 
but don’t let that scare you. 


New and Improved - s 


ES 
Three of the packages reviewed here— 


MicroPhone Pro for the Mac, Procomm - 
Plus for Windows, and Term—will be | 
shipping in new versions by the time | 
you read this. According to the ven- 
dors, here is what you can "DRE from 
the upgraded products: 

According to Software Mesures] Mi- - 
croPhone Pro 2.0 for the Mac adds sup ^ 
port for simultaneous ongoing sessions, | 
more terminal emulations, more and- 
faster transfer protocols such as Cors | | 
puServe B+, easier hardware configur- 
ation, keyboard mapping (handy 1 for 
PowerBook users), and scriptable cus- 
tom windows. For information junkies, [ 
Software Ventures has added arich set 
of tools for navigating the Internet. The | 
upgrade priceis$59.95. —— 

DataStorm has added fax support to i 
Procomm Plus for Windows 2.0, Yowl 
be able to load up to five Action 1 Barsat | 
the same time with the new version, | 
and the Aspect language has been 
enhanced. Configuring your modem | 
should be easier, with automatic де- d 
tection of 500 different modems—Pro- | 
comm will figure out which modem | 
you have and configure itsélf automat- | 
ically. Improvements to Procomm’s 
host mode include fax capability that ; 
lets callers dial into your system tore- | 
quest faxes. Support for ME ees | 
network connections is scheduled, an 
you'll be able to pale reer i , 
directory into groups for easier access. | 

Century Software is updating Tec 
Unix version of Term to 6.3, , adding in 
Zmodem, CompuServe В, and КТР: 
transfer protocols. The vendor wil also ` 
add more terminal emulations and i im- ( 
prove Term’s capability for una ended 
automated file transfers. The upgrade [ 
price for current Term users will be 
$ 189, directly f from Century So Rare. " 


-—— OC b 
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Procomm Plus for Windows 
Procomm Plus for Windows 
came onto the scene riding 
the coattails of its popular 
DOS cousin, Procomm Plus. The Win- 
dows version is more than a Windows 
interface glued onto the DOS program, 
however. Datastorm enhanced the Aspect 
programming language, for example, to 
support windows, bit-mapped graphics, 
and other Windows features. Procomm's 
Action Bar is one of the few comprehen- 
sible toolbars I’ve seen on a Windows 
package. It has only 10 icons, and about 
half of them actually make sense. 

From the menus and dialog boxes (see 
the screen), you can manage your dialing 
lists, write and compile scripts, transfer 
files, and configure the program for any 
combination of modems and serial con- 
nections. 1 found both strong and weak 
points to the interface. The setup menu, 
for example, brings up a dialog box with a 
series of buttons. When you click on the 
Connection button, you can select from 
the predefined connections; double-click 
on it, and you can define new ones. While 
the double-click trick is convenient, it’s 
not obvious; you must read the documen- 
tation. [t would be nice if the selection 
menu also offered a New option. 

If you often find yourself downloading 
GIF files, you may like Procomm's auto- 
matic GIF viewer. Ás soon as Procomm 
recognizes a GIF graphics file, it opens a 
window and displays the graphic as it 
downloads. Procomm also provides DDE 
server support. You can, for instance, have 
your spreadsheet open a communications 
session, dial an on-line service, grab ware- 
house inventory data, and return it to your 
spreadsheet. 

If you ever find yourself reconfiguring 
your current package's Zmodem for dif- 
ferent on-line services, you'll appreciate 
Procomm’s ability to create new Zmodem 
options in the transfer menu with assigned 
names. For example, with some services 
you may want crash recovery; with oth- 
ers, you may not. 


Term 

Selecting the most popular 
communications product for 
Unix was tough. Unix en- 
joys a rich heritage of public domain soft- 
ware, so many application areas are fully 
addressed by software you can get for free. 
Communications is historically one of 
those areas. The most prevalent commu- 
nications package in use on Unix systems 
is Kermit, available free from just about 


everywhere. In some cases, however, you 
may want technical support by phone, and 
that's where commercial products fit in. 
Century Software's Term is one of the few 
commercial products on the market. 

Term is a standard communications 
package with terminal emulation, a selec- 
tion of file transfer protocols, and a script- 
ing language. When you establish a con- 
nection, you specify one of the devices 
provided on your system, typically one of 
the modems in your modem pool. I in- 
stalled my copy of Term onto bytepb, our 
486-based Unix System V release 3.2 sys- 
tem, which has two modems attached to 
it. The idea was to install the software 
there, and then telnet into bytepb and ac- 
cess Term to dial out to other systems. 

Unfortunately, that didn't work. Term 
provides terminal emulation, but it also 
expects your terminal to support some em- 
ulation so that the program can control 
your screen. All the systems in BYTE's 
Unix Lab run graphics screens with X 
Window System, and Term doesn't sup- 
port X. When I specified the terminal type 
as SCOANSI and ran from the system con- 
sole, however, it ran fine. If you plan on 
using Term, check with the company to 
make sure the package will work in your 
environment. 

Term's interface is perfectly usable, al- 
though it has an outdated feel to it (see the 
screen). Perhaps because of Term's stark 
character screens, it felt like [ was running 
on an old LSI/11 from years ago. Still, 
configuring Term to access my test BBS 
went easily, and file transfers worked well. 
Term doesn't support Zmodem, and the 
BBS doesn't support Kermit, so I ended 
up using Ymodem for the file transfer tests. 

Term's scripting language is powerful, 
with lots of functions, yet it still feels prim- 
itive compared to some of the other lan- 
guages I used during this review. The pro- 
grams end up resembling Aspect or CASL 
programs, only with shorter, more cryp- 
tic keywords. 


Communications Solutions 
I’ve used Procomm (the DOS version) on 
my DOS/Windows machines for several 
years now, and White Knight on my Mac 
ever since I bought it. Based on my eval- 
uation experience, I might take a closer 
look at MicroPhone Pro. I didn't find Telix 
to be any better than Procomm—although 
it's just as good. If you are about to run 
out and buy a DOS communications pack- 
age, download Telix first and try it. 
Neither of the two Windows packages 
convinced me to stop running Procomm 


WE JUST PUT MORE DISTANCE 
BETWEEN RLN AND OTHER 


REMOTE ACCESS SOLUTIONS. 


For some time, Remote 
LAN Node? has been ac- 
knowledged as the best 

" remote 
Іш vorr as Som. node 
| solution 
you can 
buy, let- 
ЕЕ || ting users 
== dial into 


е" Ес | their 
RLN comes precon чы LANs 
on a rack-mountable and work 


486 server јоғ4,8 от16 . ; 
simultaneous users, or as JUSt as if 


software-only for 2-16 they were 
simultaneous users. locall 
oc 
connected. And it’s been pro- 
ven in use across the world. 
Now RLN" 2.0 has really left 
the others in the dust. 

RLN now supports token- 
ring as well as Ethernet. In 
fact, you can access either 
one with the same client 
software. RLN is the only 
remote access solution that 
works in virtually any single 
or interconnected network 
environment. 

There’s also new SNMP 
support, and a built-in 
Windows"-based Remote 
Manager console for server 
management from any 
remote PC. You can also 
simultaneously update user 
information on multiple 
servers from a single loca- 
tion. And RLN has a 
Custom Client Build 
utility, so configuring 


| your remote clients is easier. 


RLN has always included 


| powerful security features. 


But now that we've added 
enhanced data 

encryption, pass- 
word aging and 

support for 5 
Challenge й 
Handshake 4 


Ren с 
KEN ChHent 


Authentication 
Protocol — 
(CHAP), it’s сы жамай 
the most 


secure solution dress 
you can buy. BELL 
So call for EE 
77 Protocol 
more or- pplication 
mation and Ғы d Hast | 
a free demo 
copy of RLN software that 
| will let you dial in and see 


what it’s like to be a remote 
node. We'll also send you an 


EN informative white paper on 


remote computing. 

Like RLN users the 
world over, you'll see what 
lengths we've gone to, to 
make sure no other remote 
solution comes close. 
1-800-348-3221, ext. 57DD* 


DCA 


*Or call (404) 475-8380. © 1994 Digital Communications 
Associates, Inc. All rights reserved. DCA and Remote LAN 
Node are registered trademarks and RLN is a trademark of 
Digital Communications Associates, Inc. Windows is a trade- 
mark of Microsoft Corporation. All other trademarks are the 
property of their owners. 
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in a DOS window. Under Windows, the 
DOS version of Procomm manages better 
throughput at 2400 bps than the Windows 
communications programs, runs in the 
background, and has a simpler interface. 


2400 bps (that is, if our town, Peterbor- 
ough, ever gets a faster Tymnet node), [ll 
have to choose between running the DOS 
Procomm package alone, without the speed 
restrictions of Windows, or clogging up 
my hard drive with a slower, fatter Win- 


When I need to transfer files faster than 


About the Products 


Crosstaik 

for Windows 2.0 ........... $179 
Digital Communications 
Associates, Inc. 

1000 Alderman Dr. 
Alpharetta, GÀ 30202 

(800) 348-3221 

(404) 442-4095 

fax: (404) 442-4366 
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MicroPhone Pro 1.0.....$295 
Software Ventures Corp. 
2907 Claremont Ave. 
Berkeley, CA 94705 
(510) 644-3232 
fax: (510) 848-0885 

| Circle 1084 on Inquiry Card. 


Procomm Plus 2.01 .....$129 
Procomm Pius 
for Windows 1.02 ......... $179 


for Interactive Unix single-user 
version (tested) 


Datastorm Technologies, Inc. Century Software 
3212 Lemone Bivd. 5284 South 320 West, 
P.O. Box 1471 Suite C134 
Columbia, MO 65205 Salt Lake City, UT 84107 
(314) 443-3282 (BOO) 877-3088 
fax: (314) 875-0595 (801) 268-3088 
Circle 1085 on inquiry Card. fax: (801) 268-2772 
Circle 1087 on Inquiry Card. 
Тех 3.21 ....... $39 (shareware) 
deitaComm Development, Inc. White Knight 
P.O. Box 1185 Telecommunications 
Cary, NC 27512 Software 11.14............. $139 
(800) 859-8000 The Freesoft Co. 
(919) 460-4556 105 McKinley Rd. 
fax: (919) 460-4531 Beaver Falis, PA 15010 
Circle 1086 on Inquiry Card. (412) 846-2700 
fax: (412) 847-4436 
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Y ou love videography. It's your life. So why get involved with a video editing sys- 
tem that seems attractive now, but can't accommodate your needs in the future; 
an editing system that shows signs of age as soon as your entry-level video devices 


have to be upgraded? 


The beauty of AmiLink СІР for Windows editing system is that it's totally devoted to 
your career. AmiLink CIP for Windows has been specifically designed to stay with you 
all the way no matter where it all leads, 


The day you're ready to improve your abilities in character generation, animation tech- E. E DNE p 


dows package to get background commu- 
nications. Perhaps by the time I need a 
faster Windows package, something better 
will have come along. 

Besides working with Term on the Unix 
system, I installed the DOS version. It may 
take you some time to get used to the in- 
terface, but the wide support of Term on 
Unix, VMS, DOS, Windows, Macintosh, 
and BTOS systems may make it the perfect 
solution for your environment. 

You shouldn’t overlook the cheap and 
free options, either. Kermit is available for 
just about every computer made. There 
are also a number of interesting DOS so- 
lutions besides Telix, and Macintosh com- 
munications enthusiasts are just as likely to 
suggest ZTerm as any commercial solu- 
tion. Explore your local BBSes and on- 
line services first. But if shareware isn't 
what you want, one of these commercial 
packages could be just what you're look- 
ing for. M 


Howard Eglowstein is a testing editor for the BYTE 
Lab. He can be reached on the Internet or BIX at 
lieglowsteinQ bix.com. 
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niques or special effects, AmiLink СІР for Windows will be at your side. When you таке \ & 
the crucial decision to build your business on larger, more sophisticated projects and build ^ EN % 
a reputation of quality at the same time, Amilink CIP for Windows will support each апа | Тот 
every one of your efforts. ^ "B 
Not too surprising when you consider that AmiLink CIP's parents are video people not 4 
computer people. AmiLink CIP for Windows is from RGB, the same company delivering pro- | ^ 
quality editing to pro-editors and Video Toaster™ users all across the country. 


Are you about to marry an editing system 
that can't keep up with your career? 


So shuttle over to your AmiLink dealer today. Or call RGB for more information about AmiLink CIP for Windows, the video 


editing system that will never let you down. ES mper 
For more information call 1-800-535-7876. RG B Computer & Video, Inc. 
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Picture Perfect 
4152 VY. Blue Heron Blvd., Suite 118 
Riviera БТУ М 
TEL (407) 844-EDIT, FAX (407) 844-3699 
AmiLink is a registered trademark and Pro is a trademark of RGB Computer & Video, lnc. Windows is a trademark of Microsoft Corporation. Ай other trademarks are the property of their respective owners © RGB Computer & Video, Inc. 
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“ZyXEL modems are now among the best performers” — PC Magazine 


Leading publications are continuing to “ZyXEL modems scored a three-way tie for 
recognize, rave about and award the many smart best two-way communications modem.” pem 
performance features that make ZyXEL the — BYTE ZyXEL U-1496.PLUS 
industry leader. And why shouldn't they? Our Out of the 62 modems tested, 
Ultra High Speed Modems fit a wide range of ZyXEL was honored by PC 
configurations, giving you more Intelligent Magazine as one of only three 
Features that save you time and money. modems proving 10046 reliable connections. 
Also, ZyXEL modems are compatible with 
_ “ФуХЕІ, modems are loaded with most other modems and operate in both 
Б features, they comprise a virtual synchronous and asynchronous modes as well A [ 992 
ahah treasure box of surprises.” — as in all environments: DOS™ Windows® 5 
` Boardwatch Magazine OS/29 Macintosh ? UNIX 9 NeXT® and PC Di 
The ZyXEL О-Ѕепеѕ offers Intelligent Features to Amiga?" And, with V.25bis for synchronous RATINGS REPORT 
ensure speed, reliability and true “plug-and-play” communications, ZyXEL is compatible with No. 7 "The ZyXEL U-1496E 
. . PLUS costs less than many of the 
operating ease. Our new VoiceFax Software* and ІВМ" AS/400® and RS/6000® V.32bis modems that it outperforms.” 
two-way fax ability lets you send and receive voice . 
mail from remote locations. Our Rackmount and ZyXEL’s Intelligent Features: 
NMS give you simultaneous control of hundreds of Ultra High Speed 19.2/16.8 Kbps 
sites. And, if you're on the go, our New U-1496P e V.32bis/V.32, V.22bis/V.22, BELL 212A 
Portable Modem/Fax offers cellular capability * V.17-144 Kbps, EIA Class 2, G3 Fax, S&R 
and portability. * V.42/V.42bis with Selective Reject-MNP® 3/4/5 ?yXEL U-1496E PLUS 
„ Digitized Voice Capability 
“Some modems are good. Some modems are • Caller ID/Distinctive Ring 
fast. ZyXEL modems are good * Remote Configuration 
and fast." „ Auto Fall Forward/Fall Back 
М _ Сотршет $һоррег ə Call-Back Security with Password Protection 
The ZyXEL PLUS Series gives you up » Line Probing Techniques аус 
(о 19.2 Kbps, with ОТЕ speeds of * 2/4 Wire Leased/Dial Line COMPUTER 
up to 76.8 Kbps in modems that come with a 5- * Auto Data/FAX/Voice Detection**** ЕНІ БЕРЕР 
year warranty** and will soon be upgradable to * Upgradable by EPROM July ens ДЫШ, = PLUS 
V.Fast Advantage.*** Find out what the Industry Experts already ` Top 10 List 
know. Call ZyXEL. A Wise Investment. теше. 
An Intelligent Modem. Л 


(800) 255-4101 200 E 


To find out more about the 
к we, УАР 


PORTABLE WITH CELLULAR 
call your ZyXEL 


[NETWORK VVORLD 
sales representative today! May 10, 1933 “The ZyXEL modem is 


yacrass the board." 


| То 
| Perf 
ЕТЕГІ 
ZyXEL U-1496 PLUS 
4) PN CHANNEL BOARDWATC] 
ef ге : M Rem Some November 199 
; а ZyXEL U-1496 
The Intelligent Modem SEIT 
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4920 E. La Palma Avenue, Anaheim, CA 92807 (714) 693-0808 BBS: (714) 693-0762 FAX: (714) 693-8811 Ф Ф Ф + Ф | 


*Available with Windows® DOS,™ and Macintosh® versions. **2-year warranty for Rackmount models, *** V,Fast upgrade price depends upon the model. pa ee 
This offer is valid in USA and Canada only. **** Auto Data/Fax/Voice detection available on DOS version, Window/Mac version available with Auto winter Min mee D sns 
Fax/Voice detection, Prices and specifications ал: subject to change without prior notice. All trademarks und logos are the property of their respective owners. Awarded 5 Nitti н ш Lures 
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How fast is an Image 


NEC Image Series PCs are specifically designed 


to keep pace with you thought for thought. Idea for idea. 


К __ {Brainstorm for brainstorm. 


Whether you're a graphic designer or a marketing 


ar alyst. an engineer or an accountant, Image Series PCs 


P Tk TAN 
efespond to your ideas as quickly as you can think of them. 


Es With an unmatched combination of superfast graphics 


x - 


nce. effortless multitasking and faster peripheral 


T 


А ' 2 Nm E 
Seeeunnections, they have everything it takes to put your 


ER" 2 


2% Tem | | Р А ; 
- “thoughts into effect immediately. You'll get more work 
done. And do it faster, smarter, more creatively. 


So what do you think? Сай us at 1-800-NEC-INFO. 


Or just turn the page to find | Î more. 
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| Some more information to bring you up to speed. 
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Tha Image 466es for 
advanced business and 
graphwes applications 


Mirage Series PCs respond 

3 Quickly to ydur ideas 
because every feature 15 
designed to work fast on 
its own. And even faster 
a 


True Color technoogy gives 


Powe ғ 

The imate you up to 16.8 million 
48без for general | 
BUSINESS applications colors for photo-realistic 


images. And when used 
with an NEC MultiSync? 
FG™ monitor, imageSync™ 
م‎ 95 = keeps your display as 


Image 466es wifi ER i — | -— | flicker-free as the one on 


optional MultiSpin" 3X 


this page. 
CD-ROM drive 


è For the fastest graphics 
„performance in this class., 
of PCs, Image Video™ 
combines 324 VESA 
loca! bus video әліп в 
graphics accelerator, near 
addressing and 1MB 
of superfast 45ns video 


At the heart of every 
Image Series PC is our 
237-pin ZIF OverDrive™ 
Socket, which ensures 
that upgrading to Pentium" 
and faster processor 


speeds is quick and simple. 


OptiBus"" is a loca! bus IDE 
that can speed up your 


penpherals' performance 
by un to 50%. Апа, it gives 

green lights to entre blocks ` | ЕРА POLLUTION PREVENTER 
Of data af one time — nat | 
the "опе siop, one go" 


Call 1-800-NEC-INFO for a data sheet, benchmarks and white papers. 
method other buses use. For FastFacts;" call 1-800-366-0476 and request document #46243 
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A New Synergy for Windows 


ProdeaSynergy’s graphical tools let you create complex scripts for 
automating Windows tasks across many different applications 


STEVE GILLMOR 


ometimes in sports or the arts, a 
| performer arrives with a talent 
so great that he or she makes 


the most difficult feats seem easy. Such is 
the case with ProdeaSynergy, a new ap- 
plication-integration software package that 
at first glance does not appear to have all 
that much to it. It's only when you try to 
accomplish what it can do in some other 
way that you begin to appreciate what is 
going on behind the scenes. 

In simplest terms, ProdeaSynergy is a 
Grand Central Station that serves as the 
hub connecting software like databases, 
spreadsheets, and communications pro- 
grams, both on individual machines and 
across a network. The visually oriented 
Windows development environment lets 
you derive data from any source, massage 
and format it, and then send it on via con- 
ditional choice of E-mail, fax, paper, or 
disk. You can do all this without needing 
to know the intricate details of proprietary 
messaging techniques, programming tools, 
or file-format compatibility. 


The Elements of Synergy 

The power of Prodea's automated scripts 
depends on the software applications and 
desktop tools available to you locally or 
over a network. ProdeaSynergy can me- 
diate between packages, selecting the best 
common format and the optimum inter- 
change method, but it is not a program- 
ming language; it can't provide applica- 
tions with any missing functionality. It 
also can't assume control from within an 
application. If you want to automate a pro- 
cedure from within Excel, for instance, 
you'll need to develop an Excel macro to 
do the processing. You then use Prodea- 
Synergy to pass the output of the macro 
to other applications. 

In the final analysis, a process auto- 
mated by Prodea's software will work only 
as well as the mechanisms used to drive 
it. ProdeaSynergy is not a replacement for 
cross-application automation tools like Vi- 
sual Basic for Applications or OLE 2 Au- 
tomation. In fact, as VBA and OLE 2 Au- 
tomation become more widespread, Prodea 
will be able to leverage these tools to link 
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applications together in a visual way and 
facilitate development across several ap- 
plications. 

ProdeaSynergy has three major ele- 
ments: the ProdeaSynergy Package, the 
ProdeaSynergy Library, and the Variable 
Server. You create packages by placing 
icons in the ProdeaSynergy Workspace 
that represent application and system ob- 
jects that retrieve, process, or store infor- 
mation. You then represent the movement 
of data between these objects by placing 
arrows from source to destination icons. 
After defining object and arrow proper- 
ties, you choose the Runner icon to execute 
the package. 

The ProdeaSynergy Library provides a 
simple GUI where you can organize and 
launch various packages. Once created, a 
package can be published in a designated 
library, which can then be saved, copied, or 
E-mailed to another machine. A separate 
executable file that you can launch from 
the Workspace, the ProdeaSynergy Li- 
brary supports password-protection secu- 
rity features; a subdirectory tree structure 
to group packages by related topics; and 
appearance options to modify the color 
scheme, the size and type of buttons, and 


icons in the 
ProdeaSynergy 
Workspace represent 
application and system 
objects that retrieve, 
process, or store 
informalion. You then 
represent the 
movement of data 
between these objects 
by placing atrows from 
source to destination 
icons. Arrows with 
question marks show 

? conditional processes. 

| The Variable Server 

monitor the changing 
values of variables 
during execution and 
debugging of your 
package. Variables can 
represent values within 
an application, with 
conditional arrows, 
and within most fields 
of ProdeaSynergy 
dialog boxes. 


icons that represent topics and packages. 

The Variable Server leverages Prodea- 
Synergy's ability to resolve relationships 
and communications at run time rather 
than at build time. The Variable Server 
provides 260 predefined global variables 
that can be set and referenced by each of 
the programs you are running in a package. 
These variables can be manipulated via 
DDE, OLE, and application menu add-ins 
that ProdeaSynergy often installs in a pro- 
cess dubbed synergizing. You can use vari- 
ables with conditional arrows to control 
where the data flows based on changes at 
run time. 


Application Support 

When you install ProdeaSynergy, it 
prompts you to select and define the ap- 
plications you have on your system. The 
program accesses the Application Services 
Database, a predefined list of DOS and 
Windows applications that contains basic 
information such as program name and 
location, type or class of application, mes- 
saging protocols supported, and file for- 
mats supported. The Database also con- 
tains the key set of application functions 
and commands that ProdeaSynergy needs 
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The Application Definition dialog box is available during installation or any 
time you want to update or add new applications. You can define 
applications that reside on both local and network drives. 


to instruct each application to perform its 
tasks within the package. 

You highlight each new application 
name in the list on the right side of the 
Application Definition dialog box and then 
click the Insert button to add the name to 
the Defined list on the left. ProdeaSynergy 
verifies the presence of the application on 
your system before inserting the name. If 
it doesn't find the application, the program 
gives you the opportunity to enter the ap- 
propriate path or choose the Browse button 
if you need help. 

You can also use one of several "Any" 
applications to define your own applica- 
tions within a class (e.g., word processor, 
spreadsheet, or database), to provide sup- 
port for tools that are not currently prede- 
fined in the database. Prodea is constantly 
updating this data, which resides in files 
separate from the ProdeaSynergy main ex- 
ecutables. Thus, you can get support for 
new programs and upgraded versions of 
existing products by downloading from 
the Prodea BBS or by mail, without need- 
ing to upgrade ProdeaSynergy itself or 
alter your existing packages and libraries. 

The Workspace has five major ele- 
ments: the Application Toolbar, the System 
Toolbar, the Menu Bar, the Status Bar, 
and the Package Window. Defined appli- 
cations are represented by their program 
icons in the Application Toolbar, which 
runs across the top of the screen. You can 
double-click on an icon to run the asso- 
ciated application from within Prodea- 


Synergy. 


Putting ProdeaSynergy to Work 

Creating a package couldn't be easier— 
you just click and drag an icon into the 
Package Window. Start with a simple ex- 
ample. Suppose you need to generate a 
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monthly report with data 
you regularly enter into a 
1 spreadsheet. Each month, 
Z4 you need to move a range 
of cells from the spread- 
sheet, place the data in a 
word processing document, 
and then print the docu- 
ment. After creating a new 
ProdeaSynergy Package, 
you would drag the appro- 
priate spreadsheet icon to 
the upper left corner of the 
Package Window. Don't 
worry if you have Excel and 
you are creating a package 
to run on a machine that has 
only Lotus 1-2-3; Prodea- 
Synergy can automatically 
substitute one spreadsheet application for 
another at run time. 

Next, you select a word processor icon, 
drag it just to the right of the spreadsheet 
icon, and connect the two icons with an 
arrow showing the direction of the data 
flow. Finally, you select the Printer icon 
from the System Toolbar, drag it to the 
right of the word processor icon, and con- 
nect the two icons with an arrow. You can 
also add conditional arrows if you have 
more than one possible outcome. 

Before continuing with the package de- 
sign, you need to access a spreadsheet that 
contains the range to be moved. You can 
access the spreadsheet from within Prodea- 
Synergy by right-clicking on the spread- 
sheet icon and entering the worksheet 
filename in the appropriate field of the Ap- 
plication Object Properties dialog box. If 
you've defined a range, you need to right- 
click on the arrow between the spread- 
sheet and the word processor and enter the 
name of the range in the Range Definition 
From: field. Otherwise, all the data within 
the worksheet will be moved with no fur- 
ther work on your part. Click on the Run- 
ner icon, and your package will execute. 


Intelligent Choices 

ProdeaSynergy manages and mediates be- 
tween the applications, data files, and out- 
put devices you selected in creating the 
package. Moving your completed pack- 
age to another machine reveals much more 
about ProdeaSynergy's underlying pow- 
er. Perhaps the spreadsheet you employed 
on the original system is not available on 
another desktop. When you run the pack- 
age on the new machine, ProdeaSynergy 
searches the Application Services Data- 
base for Excel and, not finding it, suggests 
Lotus 1-2-3 às a suitable replacement. The 
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Excel macros. To replace a range of data | 
with new data and then redefine the range, 
you'd have to write an Excel macro. Prodea- 
Synergy handles the chore seamlessly. 


GET . DOCUMENT (1) 
IF (NOT (ISBLANK (argRange) } } 
SELECT (GET. FORMULA (argRange) ) 
END.IF() 
IF (argFormat>0, EDIT. DELETE 
(argFormat) , CLEAR (3) ) 
END. IF ()} 
OPEN (argFile, Û) 
GET . DOCUMENT (1) 
SELECT.LAST.CELL() 
SELECT (!A1:ACTIVE.CELL()] 
COLUMN .WIDTH(,,,323) 
COPY() 
ACTIVATE (C6) 
| PASTE.SPECIAL(2,1,FALSE,FALSE) 
| DEFINE.NAME(GET.FORMULA (argRange)) 
ACTIVATE (C13) 
| CANCEL .COPY () 
ERROR (FALSE) 
CLOSE() 
ERROR ( TRUE) 
RETURN() 


program uses built-in search heuristics to 
find files used in a package if they have 
been moved or, as is often the case, are 
stored in different locations on other ma- 
chines. 

Similarly, you may have defined Mi- 
crosoft Mail as your package’s Windows 
E-mail application, while another system 
uses Lotus cc:Mail. ProdeaSynergy auto- 
matically makes the appropriate adjust- 
ments, transparently switching messaging 
protocols from MAPI to VIM. Depending 
on the protocols supported by applications 
and registered in the current Application 
Services Database, ProdeaSynergy might 
use DDE to communicate with Quattro 
Pro for Windows, a combination of DDE 
and OLE with most word processors, and, 
if necessary (as in the case of Harvard 
Graphics), keystrokes. 

ProdeaSynergy identifies and exploits 
the “richest” data/file format shared by 
source and destination applications. When 
you select two objects that don’t have a 
compatible transfer file format, the Win- 
dows Clipboard can sometimes be used as 
an interface to automatically reformat 
source data and pass it on. For example, a 
graph created in Excel can be converted 
via the Clipboard icon to be read into a 
Word for Windows document, while the 
cell data is moved via DDE and a tempo- 
rary file that ProdeaSynergy creates at run 
time. 

Taken together, these automated ser- 
vices shield the user from much of the 
complexity in creating enterpnse-wide in- 
tegrated tools. Yet ProdeaSynergy goes 


Т А New Synergy for Windows 


beyond ease of use in some instances to 
perform feats that are difficult to accom- 
plish with other methods. 


Taking Stock 

Take the example of a package designed to 
perform stock pricing analysis by down- 
loading data from CompuServe, integrat- 
ing it into a spreadsheet report, and then E- 
mailing, faxing, or printing the results 
based on user-defined instructions. First 
ГЇЇ describe how ProdeaSynergy constructs 
the package and then how, or if, it can be 
done another way. 

You begin by using Visual Basic, Tool- 
book, or another authoring program to cre- 
ate a front-end user interface for entering 
user ID, password, stock symbol, period, 
and output choices. These values are sent 
via DDE commands to the Variable Serv- 
er and are subsequently available to other 
applications running within the package. 

Next you use Procomm Plus for DOS to 
record a script that logs onto CompuServe 
and downloads historical stock price data. 
You then press the Control key while dou- 
ble-clicking on the Procomm icon to open 
the script file and replace specific user in- 
formation with variable references. Prodea- 
Synergy automatically substitutes these 
values in the script file before launching 
the communications program and then 
waits for its completion. 

To import new pricing information, you 
create a spreadsheet in Excel and define 
a range to receive data. Next, draw an ar- 
row from Procomm Plus to Excel and 
specify the input range in Excel in the Ar- 
row Properties dialog box. ProdeaSynergy 
automatically replaces the specified range 
in Excel with the new information each 
time the package is run, resizing the range 
to fit as well. 

If the stock price is up, the package 
should create a short note with the current 
price and send it with the attached spread- 
sheet to management via Microsoft Mail. 
You do this by drawing a conditional ar- 
row from Excel to Microsoft Mail, which 
automatically brings the spreadsheet in. 
Use Notepad to create the note, adding a 
variable from the Variable Server to rep- 
resent the current price. Enter the resulting 
filename in the Message Text field of the 
Application Object Properties dialog box. 
Also enter the variable containing the 
manager's name in the To: field. Prodea- 
Synergy automatically performs a com- 
parison at run time; if the price is up, it 
substitutes the price in the note and E- 
mails the results with the spreadsheet. 

Fax and printer icons with conditional 
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arrows are configured in a similar fash- 
ion, with the complete package then pub- 
lished to a library. The great majority of 
development time here is spent in creat- 
ing the user interface, recording the Pro- 
comm Plus macro script, and creating the 
Excel spreadsheet. 


The Hard Way 

To duplicate this project with Visual Basic 
or a similar authoring program, you would 
begin by designing the same user interface 
that served as a front end to the Prodea- 
Synergy package. Recording the Procomm 
script would also be the same. But then the 
two paths quickly begin to diverge. 

To emulate ProdeaSynergy's run-time 
script-variable substitution, you need to 
write a Visual Basic routine that reads 
through the entire script and replaces 
prompted fields, or one that generates the 
Procomm Plus script on the fly, filling in 
the necessary information. 

Now you hit a major roadblock: Visual 
Basic needs to launch Procomm Plus for 
DOS and wait for it to complete execu- 
tion of the script. Unfortunately, however, 
Visual Basic's Shell function runs other 
programs asynchronously. You can't be 
sure Procomm Plus has finished execut- 
ing before your Visual Basic code contin- 
ues on, and the workarounds are kludgey. 

So, instead, you might use Procomm 
Plus for Windows and add commands to 
the recorded script to send DDE messages 
to Visual Basic when the script has com- 
pleted. You also need to create Basic DDE 
server routines that wait in a procedural 
loop. You're leveraging two different pro- 
gramming tools here, with limited docu- 
mentation another factor to 
consider. 

If you test the application 
at this point, you'll notice 
that Procomm Plus for Win- 
dows won't overwrite an ex- 
isting data file using CIS-B+ 
protocol, so what works the 
first time will not work the 
next. You need to add some Visual Basic 
code to handle this, while ProdeaSyner- 
gy's Application Services Database is 
aware of this anomaly and automatically 
deletes the file before running the pack- 
age. 

Using DDE to interface with Excel is 
easier than with some other products, but 
you'll probably have to use a combination 
of DDE commands and Excel's macro fa- 
cility to emulate the ProdeaSynergy pack- 
age. Excel does not have a built-in mecha- 
nism to replace an existing range with new 
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data and then redefine the range to include 
only this new data. The "Excel macros" list- 
ing shows some sample commands that 
would perform that task. 

Since it's not possible to pass arguments 
to Excel macros via DDE, Visual Basic 
would need to POKE the values into the 
macro sheet or find some other way to du- 
plicate ProdeaSynergy's run-time variable 
substitution. 

As noted earlier, ProdeaSynergy can 
automatically switch messaging protocols, 
but in Visual Basic, you'd have to build 
both MAPI and VIM functionality into 
the application. You'd need to code all 
conditional logic and variable substitution, 
and to prepare modified versions for each 
target machine around the network. What 
would take an hour or two with Prodea- 
Synergy might take a day or two at best, if 
the project was ever undertaken at all. 

You can see some of what ProdeaSyn- 
ergy does under the hood by using the 
Watch feature, which posts much of the 
messaging data as the program steps 
through a package. You can toggle the 
Variable Server window so that it stays 
on top of your screens and use the Step 
function to debug your work. 


Wish List 

Looking to the future, it would be nice if 
you could define new applications in a 
more robust fashion than is currently pos- 
sible. The Any application interfaces are 
limited in their configurability, and the fax 
functionality does not allow complete 
hands-off automation of programs like 
WinFax Pro. Some integration with a ro- 
bust macro recorder would also be desir- 
able; the Windows Recorder 
is not directly supported in 
the Application Services 
Database. ProdeaSynergy is 
a DDE-aware application, 
so you can integrate it with 
your existing development 
environment. 

With the imminent arrival 
of OLE 2 Automation, ProdeaSynergy is 
ideally positioned to leverage the interap- 
plication power now available with off- 
the-shelf software. The program delivers a 
unique combination of embedded intelli- 
gence and ease of use. Ш 


Steve Gillmor is directer of Southern Digital, Inc., 
a compuier and video consulting firm based in 
Charleston, South Carolina. He is also a profes- 
sional developer and coauthor of Using Visual 
Basic 3 (Que/Prentice-Hall, 1993). He can be 
reached on the Internet at sgillmor@aol.com or on 
BIX c/o "editors." 
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tems in money-saving pa (many 
ready to ship the same day you order) 
or custom configurations, you also 
get the best service and support in 
the business. 

ZEOS is the first company to pro- 
vide its customers with 24-hour, toll-free techni- 
cal support-365 days a year. Why was ZEOS 


It runs with 


NetWare 


price, anywhere. ZEOS contin- 


first? Because of our dedication to you and the 
belief that you come first. You receive affordable 
top-quality systems with the industry’s finest 
service and support. 
Apparently many companies are trying to 
emulate our support. Good Luck! 
ZEOS received PC Magazine’s 
Readers’ Choice for Service & 
Reliability—thvee times! 

That isn't the end of our after- 
sale support. All 486 Upgradables 
also include a One Year Limited Warranty, 30- 
Day Money Back Guarantee and Express Parts 
Replacement. 

Feature for feature, no one gives 
you more than ZEOS. At any 
ues to be your best value. Call mie nside 
your Systems Consultant now 
at 800-554-5226. 


РАСКАСЕ 1 


4865Х-25 .............. 

Lease $50/month 

4865Х-33 ............ 61295 

Lease $55/month 

486DX-33 ............. $1395 

Lease $59/month 

486DX-50 ............. $1495 

Lease $63/month 

486DX2-66 ........... $1695 

Lease $61/month 

® Intel Verified: for the Pentium" 
OverDrive" Processor 

= 2MB high-speed RAM 

ш 107MB local bus hard drive 
w/32K cache 

ia 3.5" floppy drive 

п Diamond SpeedStar Pro 
Windows-accelerated local 
bus video with IMB RAM 


ш 14" 1024 NI SVGA color 
monitor, .28mm dot pitch 


486SX-33 .............. $1595 

Lease $58/month 

486DX-33 ............. $1695 

Lease $61/month 

486DX-50 ............. $1795 

Lease $65/month 

486DX2-66........... $1995 

Lease $72/month 

ш Intel Verified: for the Pentium" 
OverDrive" Processor 

= 4MB high-speed RAM 

8 214MB local bus hard drive 
w/128K cache 

ш 3.5" floppy drive 

@ Diamond SpeedStar Pro 
Windows-accelerated local 
bus video with IMB RAM 


п 14" 1024 NI SVGA color 
monitor, .28mm dot pitch 


= On-board SCSI socket @ On-board SCSI socket 
ш Two VESA local bus, five 16-bit ш Two VESA local bus, five 16-bit 
and one 8-bit expansion slots and one 8-bit expansion slots 
B Six-bay desktop w/2 cooling fans ш Six bay desktop w/2 cooling fans 
ш 101-Кеу space-saving keyboard ш 101-key space-saving keyboard 
m MS-DOS 6.2 w/ Tools ш Microsoft Mouse 
a MS-DOS 6.2 w/ Tools, Windows 
for Workgroups 3.11 
FAVORITE OPTIONS 
426MB to 528MB HDD UPGRADE..............................---.- $125 
10-ВАҮ VERTICAL CASE ..................................................... $95 
ADAPTEC 6360 SCSI CONTROLLER СНЇР......................... $49 
96/48/24 М42 bis SEND / RECEIVE FAX MODEM ............. $79 
DIAMOND VIPER VIDEO CARD 
IMB VRAM: $149 .............................................. 2MB VRAM: $249 
15-ІМСН SVGA MONITOR UPGRADE ................................... $95 


Fax Orders: 612-633-1325, Government: 800-245-2449, Hearing Im- 
paired (TDD): 800-228-5389, Outside U.S. and Canada: 612-633-6131. 
Purchase orders, MasterCard, VISA, Am Ex, Discover, Z-Card> COD 
and affordable leasing programs. Open 24 Hours a Day, 365 Days a Year! 


l'urchase orders are subject to approval. Business leasing programs available. Lease prices based on a 36-month lease; 30% purchase option. А] prices, specifications and availability are subject to change without notice; call to confirm these and warranty details. Prices do rot 


include shipping Novell compatibility is Developer Tested Only Novell makes no warranties with respect to this product. All products 


PACKAGE 3 
4865Х-25.............. $1095 
Lease $72/month 
4865Х-33............. $2095 
Lease $76/month 
486DX-33 ............. $2195 
Lease $79/month 
486DX-50 ............ $2295 
Lease $83/month 
486DX2-66 .......... $2495 
Lease $90/month 
и Intel Verified: for the Pentium" 
OverDrive" Processor 
e SMB high-speed RAM 
и 426MB local bus hard drive 
w/128K cache 
a 2X CD-ROM and 3.5" FDD 
ш Diamond SpeedStar Pro 
Windows-accelerated local 
bus video with IMB RAM 


ш 14" 1024 NI SVGA color 
monitor, .28mm dot pitch 


PACKAGE 4 

4865Х-25 ............. $2495 

Lease $90/month 

486SX-33............. $2595 

Lease $94/month 

486DX-33 ............ $2695 

Lease $98/month 

486DX-50 ............. $2795 

Lease $101/month 

486DX2-66 .......... $2995 

Lease $108/month 

B Intel Verified: for the Pentium” 
OverDrive" Processor 

= 16MB high-speed RAM 

m 528MB local bus hard drive 
w/256K cache 

= 2X CD-ROM and 3.5" FDD 

п Diamond SpeedStar Pro 
Windows-accelerated local 
bus video with IMB RAM 


m 14" 1024 NI SVGA color 
monitor, .28mm dot pitch 


@ On-board SCSI socket п On-board SCSI socket 

B Two VESA local bus, five 16-bit ва Two VESA local bus, five 16-bit 
and one 8-bit expansion slots and one 8-bit expansion slots 

ш Six-bay desktop w/2 cooling fans Шбіх-һау desktop w/2 cooling fans 

и 101-кеу space-saving keyboard ш 101-key space-saving keyboard 

E Microsoft Mouse = Microsoft Mouse 

a MS-DOS 6.2 w/Tools, Windows ш MS-DOS 6.2 w/ Tools, Windows 
for Workgroups 3.11 for Workgroups 3.11 

ш Choice of Lotus Application ш Choice of Lotus Application 

LOTUS SMARTSUITE UPGRADE 

Five Windows applications in one box! ........................... eene $299 


COMPLETE MULTIMEDIA PACKAGE 

2X, multisession MPC2 CD-ROM, 16-bit Cardinal Digital Sound 

Pro 16 Card with Digital Signal Processor, stereo speakers ........ $299 
If your system includes a CD-ROM drive, 

upgrade with a sound card and speakers.....................- eere $149 
Many other affordable upgrades and options available. Call for details! 


CALL NOW TOLL FREE 


800-554-5226 


and company names are trademarks or registered trademarks of their respective holders, Intel lreide is a trademark ай Intel 


INTERNATIONAL, LTD 


jon. ZEOS is 


a registered trademark: Z Card and Computers Now! are registered servicerrogks af ZEOS Internatinal Ltd. € 1994 ZEOS International Lid, 1301 Industrial Bivd., Minneapolis, MN 55413 USA. ZEOS is a publicly traded company (NASDAQ symbol: ZEDS: — UPGRBYT.9402 
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Your software protection strategy 
shouldn't be a hit or miss proposi- 
tion. But with so many conflicting 
claims about one vendor's product 
being better than another, we can 
understand why you might want to 
leave it to chance. 

The fact is, what really makes 
one protection scheme better than 
another is the level of security it 
provides. For more than a decade, 
we have been pioneering seam- 
less, reliable security systems for 
your applications and data. 
Software Security's many patents 


are evidence of our continuing 
ingenuity in developing ways of 
protecting your intellectual prop- 
erty. Our latest advances in soft- 
ware distribution, network license 
control, and “metering” are worth 
looking at. 

But that’s only part of the story. 
We offer a wide range of developer 
tools including our very highly 
secure AEGIS System™ which 
requires only a few minutes to 
implement. In addition, we under- 
stand the importance of our 
relationship with our customers 


See us at CeBit – Hall 18, C50 


A ow Do You Know You've Got 
The Right Software Protection? 


and are fully committed to the 
best developer support program in 
the business. 

If you are serious about protect- 
ing your software, contact 
Software Security and ask for an 
evaluation kit. It contains every- 
thing you need to explore all of 
our Outstanding protection meth- 
ods. So call today and see why 
there's a big difference between 
the bull's-eye and the bull. 


SOFTWARE | o 
SECURITY Î 


1011 HIGH RIDGE ROAD STAMFORD, CT 06905 800-841-1316 (In CT: 203-329-8870) Fax: 203-329-7428 BBS: 203-329-7253 
Software Security International Ltd., London: +44-784-430-060 Fax: +44-784-430-050 
* SSI Belarus, Minsk: +(7) 0172-45-21-03 Fax: +(7) 0172-45-31-61 
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Software 


HOOPS 4.0: Beyond 3-D 


The common API to most 2-D and 3-D libraries and hardware now offers 
a real-time mode and a powerful font engine 


JOEL ORR 


he latest release of HOOPS, Itha- 
1 са Software’s Hierarchical Object- 
Oriented Programming System, 
firmly establishes it as far and away the 
best tool for almost any kind of graphics 
programming—2-D and 3-D CADD, ras- 
ter data processing, data representation 
graphics, and more. HOOPS supports 
graphical formats ranging from 2-D wire- 
frame rendering through interactive photo- 
realism, as well as interactive display and 
hard copy, on platforms that range from 
Macs and 386-based PCs through high- 
end workstations. It has been selected for 
commercial use by some of the leading 
makers of CAD/CAM, mapping, scientif- 
ic visualization, and multimedia software, 
including Autodesk and Computervision. 
Like PostScript, HOOPS is truly plat- 
form independent. Graphics produced with 
HOOPS are 100 percent source code com- 
patible across every major PC and work- 
station platform. Because of the product's 
scalable graphics pipeline, HOOPS pro- 
grams run unaltered on all the platforms, 
taking advantage of special-purpose graph- 
ics hardware when it is present and sub- 
stituting software for it when it is not. 


What Is HOOPS? 

HOOPS is a subroutine library, a program- 
ming framework, or an API, depending 
on how you look at it. It is a declarative 
language: When you program in HOOPS, 
you view the universe that you affect as 
being in a particular default state; to change 
anything, you declare it to have a new val- 
ue. Thus, you declare the existence of 
graphical entities, their locations, their at- 
tributes, and so on, and HOOPS acts on 
your declarations. To see your geometry, 
you insert cameras. 

HOOPS 's hierarchical nature is similar 
to that of PHIGS, a standard implemented 
by several companies. (HOOPS has de- 
feated PHIGS's bid to be the standard in 
commercial applications.) All HOOPS pro- 
grams consist of segment trees, which 
resemble a Unix file structure—in fact, 
HOOPS uses the same segment-naming 
conventions. А segment contains a list of 
geometry, a list of attributes, and a list of 


The latest release of HOOPS from Ithaca Software delivers a rich library of graphics routines to 
a remarkable number of platforms. This screen was generated bv the code in the listing "Sample 


HOOPS program.” 


subsegments. The tree has a "root" seg- 
ment and subsegments. Subsegments— 
"leaves" of the tree —inherit the parent 
segments' attributes unless they contain 
declarations that change them. If they do, 
their subsegments inherit those changes. 


In Name Only 

Object-oriented 18 not an accurate de- 
scription of HOOPS; the phrase was in- 
corporated into the product name before 
the Smalltalk meaning was well estab- 
lished. In that HOOPS is declarative and 
nonprocedural and supports hierarchy, it is 
reminiscent of an object-oriented system. 
But it does not have separate classes and 
methods, nor does it support true instanti- 
ation or polymorphism. 

In the world of graphics programming, 
two approaches are common: retained (or 
display-list) graphics and immediate-mode 
graphics. In retained graphics, the graphi- 
cal database is used to construct an inter- 
mediate RAM-based file that is optimized 
for fast drawing. In immediate-mode 
graphics, the graphical database is used to 
redraw the screen after each change. 

Each approach has its strengths and 


weaknesses. Display lists allow faster and 
smoother redraws, but they challenge the 
programmer tọ maintain parity between 
the two representations of the data. Im- 
mediate-mode graphics always accurately 
reflect the integrity of the graphical data- 
base, but they nced much more hardware 
horsepower to produce a level of perfor- 
mance similar to that of retained graph- 
ics. With retained-graphics systems like 
HOOPS, the programmer can work in 
higher-level constructs than with imme- 
diate-mode systems, so there is less pro- 
gramming drudgery. 

Display lists are the approach of choice 
when the graphics do not change frequent- 
ly, as in CADD. Immediate-mode graphics 
work better when the entire image changes 
often, as in some kinds of scientific visu- 
alization. 

Tom Gross of Computervision describes 
the operation of HOOPS succinctly: "There 
are essentially four levels of data process- 
ing inside HOOPS: A tree-walker traverses 
the HOOPS display list and outputs data 
structures to the segment renderer, which 
converts them to 3-D floating-point graph- 
ics primitives. [These primitives] are then 
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HOOPS 4.0: Beyond 3-D 


Drawing a line. 


static float points í ] = 
0.4, 0.77 CO, 0.6, 6.2, 00; 
main ( ) ( 

HC. Open, Segment (“?picture"); 


HC. Insert, Polyline (4, points); 
НС Set, Line Pattern (*-.-."); 
HC, Set Color ("lines = red"); 
HC, Set Line Weight (2.0); 
НС. Close Segment ( ); 
ы HC Pause ( ); 


converted by the 3-D renderer into 2-р 
integer graphics primitives and rendered 
by the 2-D renderer. Depending on the 
current hardware platform, all or only some 
of this internal HOOPS processing might 
be performed by Ithaca's code." HOOPS 
understands the platform well enough to 
take advantage of its local graphics power. 


New Features 

One of the new features of HOOPS 4.0 is 
HOOPS I.M. (for immediate mode). You 
can now intersperse immediate-mode com- 
mands in HOOPS programs while retain- 
ing the platform independence for which 
the product is famous. 

HOOPS I.M. lets programmers embed 
user-defined graphics primitives and ren- 
dering techniques within the HOOPS seg- 
ment tree. When these references are en- 
countered during traversal, I.M. provides 
more direct control over how retained data 
is rendered, or it renders the application’s 
own data directly. This mixed-mode sys- 
tem lets the programmer combine the best 
of both architectures in a unified manner. 

In recognition of the de facto merger of 
computer typography into general graph- 
ics, HOOPS now sports a powerful font 
engine. TrueType and Adobe Type 1 fonts 
are supported. 

Ithaca Software also offers a rendering 
system that integrates with the HOOPS 
framework: HOOPS A.LR., based on tech- 
nology licensed from Hewlett-Packard. 
World-class ray-tracing and radiosity com- 
putations are as accessible as all the other 
HOOPS capabilities and are just as plat- 
form independent; scan-line and z-buffer 
rendering is also supported. You can have 
constant, Gouraud, or Phong shading; con- 
tour, texture, bump. and environment data 
mapping: transparency; translucency; and 
reflectivity. With A.LR., you can create 
interactive walkthroughs of radiosity-illu- 
minated photo-realistic scenes. (For more 
information on radiosity, see “Radiosity,” 
May 1992 BYTE.) 

One problem with graphics APIs has 
126 
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(0.2, 0.2, 0.0, 
0.8, 0.8, 0.0); 


been their specificity. Some аге 
designed for 2-D page descrip- 
tion (PostScript); others deal 
with 2-D graphics and text but 
not 3-D (GDI, QuickDraw); 
some are specialized for 3-D 
(OpenGL, PEXIib); and others 
deal exclusively with image 
data (XIE). Unfortunately, few 
can combine all of these—and 
none can do so in a portable 
way. 


Portability 

Portability is the major strength of this 
programming environment. HOOPS sup- 
ports Apple System 7; DEC VMS, Ultrix, 
and OSF/1; HP UX; IBM AIX and OS/2; 
Microsoft DOS and Windows NT; Sili- 
con Graphics Inx; Sony News; and Sun 
Solaris. HOOPS supports common graph- 
ical data formats: EPS, CGM, DXF, HMF, 
IGES, and PICT. It also supports FOR- 
TRAN, C, and C++ bindings, along with 
optimized interfaces to GDI (for Win- 


Sample HOOPS program. | 


float target[ ] 


| = (0.0, 0.0, 0.0) 
| float position[ } = 


(1.0:77.0, 2.0) 


dows), GPI, GL (Silicon Graphics), HPGL, 
PEXlib, PostScript, QuickDraw (Масіп- 
tosh), Starbase (HP), XGL (Sun), and Xlib. 

All the users I spoke with emphasized 
HOOPS’ ease of learning and ease of use. 
HOOPS code is readable and concise. The 
source code in the listing “Drawing a line” 
shows what it takes to do just that. The 
“Sample HOOPS program” listing creates 
and displays four distinct views of an ar- 
chived object. Read_Metafile causes 
the data from the HOOPS metafile car 
to be read from disk and placed in the seg- 
ment named ?include library/ 
car. The Include_Segment places а 
reference to the car data into each of the 
four child segments. 

In the segment front end, no cam- 
era setting is made, so the segment inherits 
the default camera settings. In the other 
*view segments, the Orbit Camera 
utility is used to modify the camera in the 
scene. The Set. Window commands 
subdivide the higher-level window into 
four quadrants. The projections created by 


HC Define Alias (*?car","?include library/car*); | 
HC, Read Metafile (*"car.hmf*',"?car*,**); 


| main () ( 


НС Define Alias ("?mirror wall*,*?include library/mirror wall”); 


HC Read Metafile ("mirror wall.hmf","?mirror wall*',*"); 


HC Open, Segment ("?picture"); 
НС. Set. Color (*windows-gray") 


HC Open, Segment ("front view"); 


HC_Set_Window (-1.0, -0.5, -1.0, -0.5); 


HC, Include, Segment ("?car*); 
HC Orbit, Camera (0.0, 0.0) 
HC, Close Segment( }; 


HC, Open Segment ("side view*); 


HC, Set Window (-0.5, 1.0, -1.0, -0.5); 


HC. Include.Segment '(*?car*); 
HC. Orbit Camera (90,0, 0.0) 
HC. Close, Segment ( ); 


HC, Open, Segment ("top view"); 


HC, Orbit, Camera (0.0, 90.0) 


HC, Include Segment {“?car"); 
HC, Close Segnent( ): 


HC, Open, Segment (*perspective*); 


НС. Set, Wincow (-1.0, -0.5, -0.5, 1.0); 


HC.Set, Window (-0.5, 1.0, -0.5, 1.0); 
HC, Include, Segment ("?mirror wall"); 
HC.Insert, Spot. Light (position, target, "outer cone = 25 degrees"); 


| 
| 
| НС. Orbit Camera (45.0, 45.0); 
| HC.2oom Camera (0.7); 


| HC Set, Rendering Oprions ("technology-ray-trace") 


HC, Close, Segment( ); 


НС. QSet Camera, Projection (**view", 


НС. Close Segment( ); 


"orrhographic"); | 


| HC Pause ( ); | 


Now Even 
Bad Reports Can 
Look Good. 


New CA-RET 1.0: The Friendliest, Most Powerful Report Writer Ever. 


Add bitmapped j 8 Using different fonts 
images anywhere in доа Unten States | pat mis 
your report for — — —9*| use U esentatives | reports. CA-RET 
graphic impact. makes it a snap. 

Create exciting 
output from your The allure of color: 
ous ante You get it -i an easy, 
and text jites, WYSIWY 
Average Dally Balance | -841,449.00 | 
Average Amount of Bad Checks $19,242.00 
Largest Overdraft | 849,650.00 
Dozens of built-in Outstanding Loans $85,320.00 
number-crunching EES ات‎ T You can even turn 
functions are ити Озод — your data into eye- 
available za UU Erat pup toe tit m catching graphs. 
poWer, House Tank Special 
data analysis. Thus condi vers tng 


Whatever the news, make it 
look great with new 
CA-RET/Xbase, the visual 
report writer for Windows. 

With drag and drop, 
WYSIWYG design, it's as easy to use as a word proces- 
sor, yet powerful enough to pro- 
duce stunning results. Choose a 
wide variety of pre-formatted tab- 
ular layouts, labels and form let- 
ters — or create your own. Now 
you can add dazzling color, fonts 
and bitmaps to any report. 

Place database fields, comput- 

— ed fields and aggregate computa- 

tions anywhere and use the more than 40 built-in func- 
tions for extensive analysis. 


mane 20,023.00 | vus 


PEN CX 


———  — e 


nce $131,053.88 3 


And CA-RETS single- 
pass computation engine is 
the most efficient available. 

From dBASE 
to Clipper, 
CA-RET/Xbase works with top databases 
(or text files) and acts as a DDE server so you 
can include reports in other Windows appli- 
cations. And the unlimited use runtime license lets you 
distribute report applications for free. 

To order, just call 1-800-531-5236 (in Canada: 
1-800-665-5449). Competitive offer available for just 
$79 ($89 in Canada). Ask the 


operator for details. | ae 
Call today and find out how ({g@OMPUTER 

easy it is to turn the mundane | 

into the magnificent. 7 ASSOCIA TES 


© Computer Associates international. Inc, One Computer Associates Plaza, telandia, NY 11788-7000. 
All product names referenced herein arc trademarks of their respective companies. 
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PKZIP version 2.0 


PC WORLD 


PKWARE. introduces the next generation of its award 


winning compression utility. PAZIP 2.0 yields greater 
performance levels than achieved with previous releases 
of the software. PAZIP compresses and archives files. 
This saves disk space and reduces file transfer біте. 


Software developers! You can significantly reduce 


WORLD CLASS 
AWARD 


product duplication costs by decreasing the number of 
disks required to distribute your applications. Call for 
Distribution License information. 


Put Your Executables on a Diet 


Software developers! Save disk space and 


media costs with smaller executables. You can 


distribute your software in a compressed form 


with PKLITE Professional.* PKLITE Professional 


gives you the ability to compress files so that 


they cannot be expanded by PKLITE. This 
discourages reverse engineering of your 
proqrams. 


PRLITE increases your valuable disk space by compressing DOS 
executable (.EXE and .СОМ) files by an average of 45%. The opération of 
PKLITE is transparent, all you will notice is more available disk space! 


сот өнд for YOUR Application 


The PAWARE Dala Compression Library 

allows you to incorporate data | 
compression technology into your | 
software applications. Fhe application 
program controls all the input-and 

output of data, allowing data to be 
compressed or extracted tó of from any 
device or area of memory 


All Purpose Data Compiession Algonthim; compresses ASCH ос binary data 
quickly. The.routines:can ре used With many popila DOS Tariquaaes. A 


Windows DLLand an OS¢2 


90235 Н Бсегмеоа Бате Broni реет 
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2-Dit, VERSION заво available} 


ПМС, 


ИГ 53225-2437 

ир уы ч а v ч » » J / г 

ЕЗ) 554-8699 Fax |414) 55458559 
| PRWARE Тху сока БАШ borers сага РАМА LENA ШЕННЕН ЕСЕТТІҢ Yor S 5230 

DRUNK EE: быр аг ыалы {б ичи» ШЕ hor Winte SS] 
End АР КАК be 636 b ДЕУ тшлген 546,00 
[Pus а SS, Sel ік ache Hiec uS s Lama $] са 
T toon е Ее A prp mm des e ы 
КЕШЕР PLT [ы телка т ак үш ЕГЕТНЕ зін» 
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the four camera views are mapped to these 
screen windows. 

Pause instructs the system to display 
the current eraphics database and wait for 
user input. After an input event—such as а 
mouse click—happens, the program ex- 
its. The result of the program is in the 
screen on page 125. 

HOOPS can work as an API layered 
above, say, PEXIlib, a low-level subrou- 
tine interface to the PEX protocol. (PEX 
offers 3-D extensions to X Window Sys- 
tem.) Not least of the benefits of using 
HOOPS in this context are simplicity and 
parsimony; drawing an initial line directly 
in РЕХПВ requires six pages of code. 
While coding directly in РЕХПЬ gives you 
more control than in HOOPS. it’s tedious 
and detailed and yields a program that must 
be rewritten for each different platform. 


Qualities 
The HOOPS documentation has plenty of 
useful examples and is easy to use as a 
reference. But it’s not the documentation 
that makes HOOPS easy to learn; it is the 
consistency of operation of the routines. 
You learn the template, as it were, so that 
even before you know the names of thc 
calls by heart, you know what ought to ex- 
ist— and when you look for it, there it is. 
Under what circumstances would you 
not use HOOPS? Very few. HOOPS might 
not be appro- 
priate if your 
application is 
very small and 
easy 10 pro- 
gram and if 
memory is a 
concern—the 
HOOPS DLL 
for Windows, 
for example, 
takes about | MB—or if you are working 
with exotic hardware unknown to [thaca. 
Ithaca Software. a division of Autodesk. 
employs 15 programmers. It is a sign of 
the times that many of its customers, such 
as Computervision and Altium (formerly 
CADAM), are head-on competitors of Au- 
todesk in the CADD arena, but this does 
not seem to trouble anyone. Tight securi- 
ty is maintained so that the confidentiality 
of Ithaca's many developers vis-à-vis Au- 
todesk and one another is assured. Ш 


1 About е Product 


HOOPS 4.0...$4200 per seat 
per platform 

Ithaca Software 

1301 Marira Village Pkwy. 

Alameda, CA 94501 

(510) 523-5900 

fax: (510) 523-2880 
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Joel Orr (Virginia Beach, VA) is an internationally 
known CAD/CAM and computer graphics con- 
sultant. He is a founding member and past presi- 
dent of the National Computer Graphics Associa- 
tion. You can react him on BIX c/o "editors" or on 
the Internet at 0004153485 @ meimatl.com. 


System 


Low-Priced Pentium PCs 


Па spite of high CPU costs, Pentium system prices are coming down 


ED PERRATORE 


ow that Pentium-based 
PCs are hitting the mar- 
ket in force, the next nat- 


ural step is lower prices. Gateway 
2000 took that step first by offering 
a complete configuration of its P5- 
60 Pentium system for just under 
$3000. Other vendors are not far be- 
hind, so buyers of these first inex- 
pensive Pentium systems are not 
without choices for an Intel-based 
graphics workstation or low-end file 
server. For this roundup, BYTE 
asked for the most souped-up sys- 
tem the vendors offered beneath a 
$4500 price ceiling. 

The three systems | reviewed— 
Advanced Logic Research’s Evolution V, 
Ambra Computer’s Ambra DP60E/VL, 
and Gateway 2000's P5-60—deliver gen- 
erally robust performance aided by local- 
bus architecture. The ALR system also 
had a caching IDE pass-through card that 
greatly boosted applications performance. 

ALR’s Evolution V is an ISA, VL-Bus 
desktop system that, for $4314, comes with 
16 MB of RAM, а 420-MB IDE hard 
drive, an IDE card with 1 MB of cache 
memory, a Western Digital VL-Bus graph- 
ics accelerator card, and an ALR Clear- 
View 15 monitor. Ambra's $4399 EISA 
desktop offers 16 MB of RAM, a 540-MB 
SCSI-2 hard drive with a 256-KB cache/ 
buffer, an ATI graphics accelerator card 
running in a VL-Bus slot, and a 15-inch 
monitor. 

Gateway weighed in with the only PCI 
(Peripheral Component Interconnect) ma- 
chine, an ISA tower model with 16 MB 
of RAM, a 528-MB IDE hard drive, an 
ATI PCI graphics accelerator card, and a 
17-inch CrystalScan 1776 LE monitor. 
With a Mitsumi CD-ROM drive added to 
my test model, the Gateway costs $3995. 

All three systems came with DOS and 
Windows installed. The Gateway Р5-60 
also included Central Point Software’s PC 
Tools for Windows and, on a CD-ROM 
disc, backups of the preinstalled software. 


ALR Evolution V 
ALR typically sells its PCs through verti- 
cal-market VARs, who may configure the 


bare-bones Evolution V Model | with a 
hard drive and graphics card appropriate 
for the customer. For the system that I re- 
viewed, ALR’s choice of video adapter 
alternately raced and jogged, depending 
on the test. The Evolution V also fell short 
of the other two systems in color capabil- 
ity: It offered a maximum of 16-bit color at 
800- by 600-pixel resolution, while the 
competing machines offered 24-bit color at 
that resolution. (I ran graphics performance 
tests on all the systems with 8-bit color at 
640- by 480-pixel resolution.) Other than 
the WD90C33-based graphics accelerator 
card, which a CAD/CAM user might want 
to pass over in favor of a higher-end card. 
there is not much to criticize about the 
Evolution V. 

The desktop system's sturdy case holds 
a 3'^-inch floppy drive and three exposed 
5'A-inch drive bays. Secured by two fin- 
ger-turnable screws, the case is easy to 
remove. À printed chart inside the case 
lists bank-by-bank memory configurations 
up to the maximum 128 MB (using 32- 
MB SIMMs, which ALR promises it can 
supply). 

Populating the motherboard are the 60- 
MHz Pentium CPU (cooled by an extra 
fan in the system's front panel as well as a 
top-mounted heat sink). 256 KB of sec- 
ondary memory cache (the maximum), a 
Phoenix BIOS, Chips & Technologies and 
Opti chip sets, and six 16-bit ISA slots. 
Three of the slots have VL-Bus extenders. 
The Super VGA card sits on the VL-Bus, 


Affordable, full-featured Pentium systems fron (left to right) Ambra Computer, Gateway 2000, апа 
Advanced Logic Research. 


as does the caching IDE card, which is 
able to accommodate up to 16 MB of 
cache RAM. 

The ALR-made motherboard also has 
IDE and floppy drive connectors, but the 
optional caching [DE pass-through card 
is a wise choice if you're concerned about 
disk performance. The IDE board's write- 
back cache is optimized for Windows. The 
cache gave the Evolution V an outstanding 
disk index in the BYTE Lab's Windows 
benchmarks and largely accounts for the 
Evolution V's lead in the DOS and Win- 
dows application benchmarks. One thing to 
keep in mind, however, is that installing a 
good local-bus disk cache in the Gateway 
and Ambra systems might well even the 
score. 

In low-level video testing, the Evolu- 
tion V's performance was roughly double 
that of the competition. But in the more 
real-world Windows benchmarks, the sys- 
tem proved superior only in drawing pix- 
els and performing BitBlts, often falling 
well behind in drawing lines, rectangles, 
and ellipses. The Western Digital board 
comes with only 1 MB of VRAM (video 
RAM), half what the two ATI boards came 
with. but it can hold 2 МВ. 

If what you want from the system is a 
file server. you're bound to be disappointed 
by the Evolution V's 200-W power supply. 
six expansion slots, and total of six drive 
bays. A better choice would be ALR's 
Evolution V-Q, which BYTE tested in our 
look at the first Pentium systems out of 
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Pentium Performance Benchmarks 


DOS Low-Level 


Compag Deskpro 66M 
ALR Evolution V 
Ambra DP60E/VL 
Gateway 2000 P5-60 


Windows Low-Level! 


Compaq Deskpro 66M* 
ALR Evolution V 
Ambra DP60E/VL 
Gateway 2000 P5-60 


DOS Applications 


Compaq Deskpro 66M 
ALR Evolution V 
Ambra DP60E/VL 
Gateway 2000 P5-60 
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Windows Applications 


Compaq Deskpro 66M 
ALR Evolution V 
Ambra DP60E/VL 


Gateway 2000 P5-60 
0 


Graphics 


‘The Compaq Deskpro 66M did nat run ihe Windows low-level benchmarks. 


All results are indexed, and higher numbers indicate better performance. For each test, a Compaq Deskpro 386/33L running DOS 5.0 and Windows 3.0 = 1, Current test 
systems ran DOS 6.0 and Windows 3.1. The Compaq Deskpro 66M (66-MHz 486DX2, 16-MB RAM, 256-KB memory cache, Compaq QVision video, and 510-MB IDE hard 


drive) was tested for comparison. 


File /О 


6 8012345 6 70 


For a complete description of the tests, see "BYTE's New Benchmarks: New Looks, New Numbers,” August 1990 BYTE. The BYTE low-level benchmarks (version 2.4) are 


available in the byte.bmarks conference on BIX or һу contacting BYTE directly. 


The ALR Evolution V provides the best overall applications performance, mainly because of its caching IDE drive card—something you could add to the 
other systems. However, its good low-level performance gives it an edge in processor-intensive tasks regardless of peripheral configuration. Note the 
strong floating-point performance of the Pentium systems relative to the 66-MHz 486 Compaq, included for comparison. 


the gate (see "Pentium PCs: Power to 
Burn," July 1993 BYTE). That machine 
features a 128-bit-wide data path to system 
memory, a tower case, 10 EISA slots ap- 
propriate for connecting lots of fast mass- 
storage devices, and 13 exposed drive 
bays. The Evolution V-Q also costs near- 
ly $2000 more than the Evolution V in a 
similar configuration. 

And if what you want is PCI rather than 
VL-Bus in à Pentium system, ALR ex- 
pects to soon ship the Evolution V STP, in 
60- and 66-MHz versions. The former will 
start at 53410 for an 8-MB system with 
DOS and Windows but no hard drive or 
monitor. Both versions will include a sin- 
gle-channel integrated Fast SCSI-2 con- 
troller as well. The PCI bus allows con- 
current operation by the CPU and PCI 
peripherals, something VL-Bus doesn't 
yet allow. 
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Ambra DPGOE/VL 
The 22-pound Ambra DP60E/VL seems 
to use only as much steel as necessary to 
support the 55-pound weight of Ambra’s 
largest monitor. Yel the mostly plastic case 
not only is sturdy, tt also removes with- 
out screws and can be converted to a mini- 
tower. 

Inside you'll find some attractive fea- 


tures. Among them are an Adaptec AIC-. 


7770P Fast SCSI-2 dual-channel chip set 
and connector that let you hook up as many 
as 14 SCSI devices; an Acer/Ambra-de- 
signed BIOS; and six EISA slots, two with 
VL-Bus extensions. An Opti chip set is 
spread between the motherboard and the 
CPU daughtercard, which also holds the 
external memory cache. The 16 MB of 
RAM is upgradable to 64 MB (actually 
128 MB by design, but Ambra cannot 
guarantee shipment of 32-MB SIMMs апу 


time soon). My test model also came with 
a Seagate ST3610N SCSI-2 drive with 256 
KB of on-board, write-back cache. 

What I found less appealing were a few 
corners Ambra cut in its mission to deliv- 
er lower-priced systems than you'll ever 
вес from parent company IBM. The de- 
sign of the daughtercard housing the pro- 
cessor and secondary cache is worrisome; 
a plastic clip is all that holds it down tight. 
If | wanted to, say, upgrade the external 
cache from the standard 256 KB to the 
maximum | MB—or merely to leave it 
alone—1 would prefer additional support in 
case the plastic fatigues. 

The 3'/-inch floppy drive has no spring- 
loaded dust cover, which I discovered does 
more than just keep out dust: It also pre- 
vents ejected floppy disks from flying 
across the keyboard. [п addition, | discov- 
егей a jumper wire connecting two sites 


Don’t get the wrong impression. 


Claude Monet, Grainstacks (End 0 


Trying to find the facts about all of the different copy 
protection locks on the market can be as confusing as 


finding a needle in a haystack. 


You may think all copy protection systems are the 
same, but the fact is that the Hardlock™ system is 


outstanding in its field. 


Hardlock works better than the others in securing your 
applications against unauthorized use because it is the 
only lock that uses a programmable algorithm, far more 
complex to decode than simply reading the contents of 
a memory chip. Hardlock also features selectable anti- 
debugging and reverse engineering protection as well 
as protection against hardware emulators, which no 


other lock has. 


f Summer), 1891, Arthur M. Wood in memory of Pauline Palmer Wood, photograph ©1993 The Art Institute of Меш 


Security. Quality. Technology. 


Hardlock is state of the art. 


Call us to find out 
more about how 
Hardlock can provide 


your masterpiece with 


the security it deserves. 


1-800-562-2543 


GLENCOE 


ENGINEERING ПМС. ES мем 
SERVING THE SOFTWARE INDUSTRY SINCE 1979 


Software Protection e Data Security 
Phone 708-808-0300 • Fax 708-808-0313 


For DOS, Windows, Windows NT, OS/2, Unix, Xenix Single User, Network, CD-ROM Applications and More 


For a distributor in Europe contact FAST Electronic GmbH, Tel: 49-89-53 98 00-20 Fax: 49-89-53 98 00-40-In Brazil contact HT-MACH, Tel: 55-21-257-0314 
Fax: 55-21-235-6808-In Chile contact Datasoft S.A., Tel: 562-246-7443 Fax: 562-208-0591- In Peru contact V.C.H.I., Tel: 51-14- 440537 Fax: 51-14-475984 


For International information circle 99, For Domestic information circle 100 on Inquiry Card. 


From parallel 860s, to 386, 486 and Pentiums ... 


МОР" Fortran and C/C++ 


Drive Them 


icroway's industry-leading 

32-bit Fortran produces the 
highest quality numeric code and 
supports all x86 operating systems, 
processors and numeric devices. 
NDP Fortran was used to port 
industry standards like SRAC's 
COSMOS/M to the 486 and is 
required to use AspenTech's ASPEN 
PLUS, IBM's OSL, and Fluid Dynamics' 
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FIDAP. The compiler uses advanced numeric optimizations 


and instruction scheduling which favor fast numerics and 


RISC devices. 


NDP Fortran, CiC++, Pascal 

and our new Fortran 90 

for the 386, 486, -— NOP C-960 
Pentium, and 860 run 


| : қ 
under either Extended | МОР Fortran-s60 |МІСГО 


DOS, OS/2, NT, UNIX | Mi Way 
V.3/4, SOLARIS, or ^MICTO 
COHERENT. Way 

The extended DOS 


compilers feature GREX, Microway’s proprietary device- 
independent graphics library. To run large applications on 
DOS, our VCPI-based, demand paged virtual memory is 
superior to all alternatives. We also offer DPMI support for 
the OS/2 and the Windows DOS Prompt Box. The OS/2 
compilers include support for OS/2’s 32-bit graphics engine. 


Microway's NDP Fortran 90 is a full implementation of the 
ANSI Fortran 90, which includes the entire array syntax 
notation, dynamic memory allocation, module definitions, 
and a complete library of intrinsics. Call for your free demo 
disk and white paper. 


f you plan to use a 386, 486, 860 or Pentium and require 
portability across operating systems, numeric speed, 


precision and superior technical support, then NDP Fortran, 


C C** or Pascal is the only solution. 


Microway 
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QuadPuter®-860 . . . 200 Megaflops 


The 200 megaflops of Microway's QuadPuter-860 are optimally 
harnessed using NDP Fortran-860, libraries from IMSL, NAG 
and KUCK, and the PSR Vectorizer. 


GIGACUBE ™ 
Microway can build 
you a customized one 
gigaflop NFS compu- 
tational server using 
five QuadPuters® 
running in one of our 
industrial grade Towers 
for under $50K. We 
also configure less 
expensive 486 work- 
stations. All feature 
industrial grade Amen- 
can power supplies 
based on Todd cores 
and flow-through 
filtered cooling. 


To learn why more government research labs, universities and 
engineers worldwide specify “Microway” call our Technical 
Support Department. 


To enroll in our Fortran 90 Professional Training Seminar in 
Boston in January or San Jose in March, please call 508-746-7341. 


Technology You Can Count On 


Corporate Headquarters, Research Park, Box 79, Kingston, MA 02364 USA * TEL 508-746-7341 • FAX 508-746-4678 
О.К. 081-541-5466 е Germany 40-524-5096 • Greece 01-222-3511 • India 11 681 0645 е 3-751-2929 
Italy 2-749-0749 • Japan 079 822 5855» Poland 22-414115 • Portugal/Spain 1-351-458-2443 • Russia 095 155 0303 
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60-MHZ PENTIUM SYSTEM FEATURES 
Gateway wins the features and price war, offering a 17-inch monitor, CD-ROM drive, and PC 
Tools for under $4000. Although the ALR and Ambra systems come with smaller 15-inch mon- 
itors and higher price tags, the ALR Evolution V has a performance-boosting 1-MB caching 
IDE card and the Ambra has a capable SCSI-2 hard drive. All the reviewed systems have locat- 
bus graphics cards. 


—— M MÀ 


ALR Evolution V 
System memory (as tested/max) 16 МВ/128 МВ 


Gateway P5-60 


Pentium System Features Ambra DPGOE/VL 


on the daughtercard—not something you 
want to see on any PC, let alone on a Pen- 
tium system. 

Test results show that the Ambra trailed 
the Gateway system somewhat on most 
application benchmarks, and both fell be- 
hind the ALR system. Using an ATI VL- 
Bus graphics accelerator card with the 
same Mach32 chip set and 2-MB УКАМ 
that the Gateway's PCI card had, the Am- 
bra achieved Windows performance sim- 
ilar to that of the Gateway. In the DOS 
dBase IV database application test, how- 
ever, the Ambra just about doubled the 
performance of the Gateway. The Ambra 
also led the Gateway slightly in word pro- 
cessing tests. 

[f it had been available in time, the bet- 
ter selection for this head-to-head com- 
parison might have been the PCI version of 
this system, which Ambra announced on 
November 15 of last year. A 60-MHz sys- 
tem with 8 MB of RAM (upgradable to 
128 MB), a 440-MB hard drive, Diamond 
Viper's PCI graphics accelerator with 2 
MB of VRAM, a CD-ROM drive, and a 
15-inch flat-square monitor will cost you 
$3499. 


Gateway P5-60 

Despite performance that falls behind that 
of the ALR system, the Gateway P5-60 
offers the most features for the price. In 


16 MB/64 MB* 16 MB/128 MB 
Mamory cache (as tested/max) 256 KB/256 KB 256 KB/1 MB 256 KB/256 KB 
Processor-to-memory 64 64 64 
data width (bits) 
Expansion bus ISA/VL-Bus EISA/VL-Bus ISA/PCI 
Storage 420-MB Western 540-МВ Seagate 528-MB Western 
Digital Caviar ST3610N 5651-2. Digital Caviar 
2420 IDE ; 2540 IDE 
Graphics Western Digital ATI VL-Bus ATI PCI graphics 
VL-Bus graphics graphics accelerator accelerator 
accelerator with with 2 MB VRAM with 2 MB VRAM 
1 MB VRAM 
Display 16-inch multiscan 15-inch multiscan 17-inch multiscan 
color monitor color monitor color monitor 
Other features DOS, Windows DOS, Windows Double-speed CD- 
ROM drive, DOS, 
Windows, Central 
Point Software PC 
Tools 
Price as tested $4314 $4399 $3995 


* The Ambra DP60E/VL will be expandable to 128 MB when 32-MB SIMMs become available from Ambra Computer. 


addition to its PCI architecture, CD-ROM 
drive, and extra software, the system also 
came with the best monitor. The Gateway 
CrystalScan 1776 LE is a 17-inch monitor 
offering a 0.26-mm dot pitch, a 32-char- 
acter LCD panel displaying the current 
display mode, and Macintosh D-sub and 
BNC connectors in addition to a standard 
15-pin Super VGA connector. This mon- 
itor is also the only one of the three with a 
detachable signal cable. 

Inside the heavy-duty tower chassis is an 
Intel/ AMI motherboard with its Pentium 
chip housed in a ZIF (zero insertion force) 
socket for future upgradability. An extra 
front-mounted fan pulls heat off the CPU's 
heat sink. The P5-60 uses Intel’s Pentium/ 
PCI chip set to support three PCI expan- 
sion slots in addition to five 16-bit ISA 
slots; one is a shared ISA/PCI slot. Eight 
drive bays provide plenty of storage ex- 
pansion. The ATI PCI video adapter gave 
the system an edge in drawing lines, rect- 
angles, and ellipses in BYTE's Windows 
benchmark test. 

The Western Digital Caviar 2540 IDE 
drive, running directly off the motherboard, 
scored twice as high as the Ambra's Sea- 
gate on the BYTE Windows benchmarks’ 
sequential file I/O test, and about 17 per- 
cent higher on the random I/O test, al- 
though it trailed the Ambra’s disk subsys- 
tem in the low-level DOS tests. Windows 
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when there is an unbootable floppy disk 
in the drive at power-on. Both the Ambra 
and Gateway systems I reviewed were 


disk performance may have given the 
Gateway system a slight edge over the 
Ambra in several of the Windows appli- 


way Pentium system did. 
However, the P5-60's “memory effect" 
lessened in the Windows low-level mem- 


cation tests. Note that the 
P5-60 supports fast DMA 
transfers—good for se- 
quential I/O—but the 
built-in 256-KB cache in 
the test-model Ambra's 
SCSI hard drive was dou- 
ble that of the Western 
Digital IDE drive that 
came with the P5-60. 
The P5-60 produced a 
low CPU index on the 
DOS low-level bench- 
mark because of its rela- 
tively slow memory sys- 
tem and the considerable 
weight that is placed on 
memory performance by 
the benchmark test. Be- 
cause of this weighting, 
a Compaq Deskpro with 
a 66-MHz 486DX2 ac- 
tually achieved a higher 
CPU index than the Gate- 


About the Companies 


Advanced Logic Research, Inc. 
(Evolution V). 

9401 Jeronimo 

Irvine, CA 92718 

(714) 581-6770 

fax; (714) 581-9240 

Circle 1080 on Inquiry Card. 


Ambra Computer Corp. 
(Ambra DP60E/VL) 

3200 Beechleaf Court 
Raleigh, NC 27604 

(919) 713-1550 

fax: (919) 713-1599 
Circle 1081 on inquiry Card. 


Gateway 2000 

(P5-60) 

610 Gateway Dr. 

Р.О. Box 2000 

North Sioux City, SD 57049 
(800) 846-2000 

(605) 232-2000 

fax: (605) 232-2023 

Circle 1082 on Inquiry Card. 


огу test and essentially 
disappeared in the appli- 
cations tests. In most ap- 
plications tests, the P5-60 
actually had a slight edge 
over the Ambra, reflect- 
ing the relative merits of 
the systems' hard drive 
and video subsystems 
more than memory per- 
formance differences. 
Like the Ambra, the 
P5-60 showed a couple of 
design quirks. The first 
was a patch wire running 
a good 6 or 7 inches 
across the motherboard 
and indicating a product 
rushed to market. The sec- 
ond was an ovemight lan- 
guage switch, from En- 
glish to French, of the 
"Non-System disk or disk 
error" message you get 


among the first off the production line, 
and the Kinks should disappear by the time 
you read this. 


Performance a Tough Yardstick 

What may be most important about my 
benchmarking of the ALR, Ambra, and 
Gateway Pentium-60 machines is that, 
by and large. differences in speed can be 
attributed more to configuration—the 
amount of disk cache or VRAM, for ex- 
ample—than to actual motherboard de- 
sign. But when you factor in the care tak- 
en in design and manufacturing in this first 
wave of relatively low-cost Pentium sys- 
tems, the choice becomes a bit easier. For 
high-end graphics or a small file server. 
Га opt for peace of mind and go with the 
more mature ALR Evolution V. B 


Ed Perratore is a BYTE news editor based in New 
York. You can contact liim on the Internet or BIX 
at eperratore@ BIX.com, or on MCI Mail as “eper- 
ratore/byte, " 


FRACTAL IMAGE COMPRESSION REDUCES 
WHALE-SIZED IMAGES To GUPPY-SIZED FILES. 
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Imagine storing up to 100 high-quality full screen 
images on a single floppy disk with enough room 
left over for the program to display them. 


Fractal compression files average between 10КВ and 
32KB and display at barracuda speeds. These incred- 
ibly small files provide unmatched space savings in 
whatever storage media you may use. Using fractal 
compression, Microsoft Encarta was reduced from 
four CD-ROM disks to one. 


Whether it’s stills or full motion video, 
DOS or Windows, Iterated Systems’ 
ОВ) and .DLL family of toolkits will 


help you conserve your resources. -. 
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Iterated Systems, Inc. 


For ADDITIONAL INFORMATION: 


TEL; 800 437-2285 FAX: 404 840-0806 


5550A PEACHTREE PARKWAY Norcross, GEORGIA 30092 


Circle 156 on Inquiry Card (Resellers: 157). 


Unleash the Creative Beast. 


zu 


Multimedia Software Solutions 


Created by Chad M. Little with Multimedia Software from AT&T 


Let your creativity take off with the power of multimedia software from AT&T. 
We've been cruising for a while, but hang on tight...next year we'll be bringing you the 
multimedia technology you ve dreamed about, at prices you thought were impossible. 


Get a handle on our current draw, animation and presentation products. 


Call for information or a demo: 


Circle 177 on Inquiry Card (R 
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Virlual-24 support; 14". 16" or 19" high-resolution — color multi-scan monitor; external volume controls; 2 GIO32 high-performance expansion slots; space for 2 hard disk drives (accepts 21MB 3.5” floptical drive that reads/wriles Macintosh ІВМ” and UNIX* diskettes); Dis- 


610 BUS ANALOG STEREO DIGITAL UAL ETHERNET AUI INDYCAM"™ PORT "T DUAL SERIAL& — FAST 8801 


тт І IN & mn fe STERED IN/OUT VIDEOS ІН Zoom ideas, For the Indy- Tul | PARALLEL нани! disk | 
Indy Video“ Music, je Record and Pipe in фы clips, and Сат color "aas MAC- and tape drives, 
for /0 and УО, and potak Laser iss гіс. graphics all digital video igi compatible. CD-ROM, Ka | 
special effects, effects in— CD-quality Plus higher- around your camera. Send c Talk to printers, scanners, ж 


or add JPEG out to VIRs sound. quality S-Video, 


acility at video- ПЕН, МЛ, "ы; 
compression. or speakers. Sweet. like НІ-8. жеңі 2 ог агдипй 


high-speed. тай and see. н, planet. — You name it! 


Introducing INDY from Silicon Graphics. 


Welcome to the most affordable member of the Indigo* family— 
packed with video and audio tools, like its own digital color camera. | 
The flexibility of over a hundred digital media applications, and the 
thundering power of a 100MHz МІР5% R4000* 64-bit RISC processor. 
Just think about it. Want one? 
Call 1-800-431-4331 dept. B23 for the brochure. 


INDY 


~ The Indy workstation includes all the features above, plus: 32MB of RAM (expandable to 256MBJ; IndyCam" color digital носон сатега; — 3 juggling -— 8- ox 24bit 
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PhotoStyler Fights Back 


Aldus closes the Photoshop gap with the release of PhotoStyler 2.0 


HOWARD EGLOWSTEIN 


sk anyone who does serious im- 
age processing on a personal 
computer: Adobe Photoshop 


for the Macintosh has been the undisputed 
king of the image editors for quite some 
time. Aldus is hoping to dethrone the 
Mac/Photoshop environment with the lat- 
est release of PhotoStyler. Like the Win- 
dows version of Photoshop, PhotoStyler 
2.0 gives you full control over your im- 
ages, providing scanner and printer sup- 
port, conversion to many output formats, 
and just about every image manipulation 
control you might want. 

PhotoStyler went through much more 
than a face-lift going from version 1.1 to 
version 2.0. Most of the new features either 
improve the package’s performance on 
large images or give you better control 
over the final output. Aldus’s philosophy 


in making all these changes was to elimi- | 


nate the trial-and-error work that often 
goes into editing. If you're working with a 
25- or 50-MB image, you don't want to 
wait for the system to catch up while you 
scroll through the image. And if you're 
adjusting the color balance of a freshly 
scanned image, you don't want to watch an 
hourglass while the system calculates the 
eflect on 25 MB of data. 


A Sum of the Parts 
The screen above shows a sample image 
from Corel's Professional Photos CD- 
ROM series. The model shot was part of an 
18-МВ Photo CD image. Loading the im- 
age into memory from a CD-ROM, espe- 
cially an older standard-speed (150-Kbps) 
CD-ROM reader, takes quite a while. 
PhotoStyler lets you crop out and just 
read part of an image as it loads, or you 
can select the Partial Edit feature. Partial 
Edit lets you select a region of the larger 
image to bring into memory while the rest 
of the image remains on disk. After mak- 
ing changes to this section, PhotoStyler 
puts it back exactly where it came from. 
The old days of zooming in and out on 
an image to see where you are or to find a 
particular spot are gone, too. The Image 
Navigator provides a thumbnail view of 
the entire image, with a small gray box 
showing the current window selection. 


PhotoStyler 
Бон Select Image EE —À Window Help 


File 


PhotoStyler 2.0 showing multiple document windows, the Image Navigator (for moving quickly 
around large images), and the enhanced magic wand selection. The image is from Corel's 


Professional Photos CD-ROM series sampler. 


Simply move the box to the area you’re 
interested in or select a new zoom factor 
from the handy slider. 

The idea of working with thumbnails 
and previews extends throughout the prod- 
uct. For most commands, you can choose 
to preview the effect on a small thumb- 
nail before committing it to the whole im- 
age. The screen on page 138 shows the 
Color Balance tool applied to a digital im- 
age I shot with a Kodak DCS200 digital 
camera. The image on the left is the orig- 
inal photo as read from the camera. The 
other two boxes show the effects that two 
different settings have on the image. 

There’s a bit of yellow cast on the image 
because the sun was beginning to set. In 
Test | (center), I shifted the image slight- 
ly toward blue to correct for the yellow. 
That setting took too much warmth out of 
the old wooden railing, so I switched to 
Test 2 (right) and tried another version. 
This time I chose to have the correction 
apply only to the highlights and applied a 
bit more correction. The sample shows the 
screen just after updating Test 2. I could 
then preview the entire image or apply the 
change permanently. 


Like Magic 

PhotoStyler has some sophisticated new 
tools for selecting image areas. The editing 
in progress in the screen above shows one 
such tool enhancement—the magic wand. 
This feature, shared by most other image 
editors, lets you select a distance in color 
space and a point on the image and pro- 
ceeds to select all adjacent pixels that he 
within that color range. That works, but 
here I wanted to change the model's hazel 
eyes to blue. The center of her eye and 
the highlights were not green, but neutral 
in color. I wanted to select all the green 
portions without getting any of the dark 
gray. 

The right side of the screen shows the 
effect of putting the wand in hue-only 
mode. Instead of picking up any color that 
is more or less the same intensity, the hue 
wand requires that all pixels have the same 
basic color. The similarity adjustment takes 
care of selecting the range of green pixels. 

The selected area in the photo is just the 
first selection. I then extended the selection 
to include some of the darker areas and 
used this as a mask to protect the white 
and center of the eyes from a paint-can 
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[ПИ PhotoStyler Fights Back 


PHOTOSTYLER PERFORMANCE 
PhotoStyler 2.0 performs admirably against Photoshop on the Windows platform. All tests 
were run on а 33-MHz 486 machine with 24 MB of RAM. A dedicated 340-MB SCSI drive 
stored the images and provided virtual memory swap space. PhotoStyler ran with Windows’ 
virtual memory enabled; Photoshop generally runs faster if you disable Windows’ virtual mem- 
ory and allow Photoshop to handle the virtual memory itself. Both test images were un- 


compressed TIFF files. Times are in minutes:seconds. 


LOAD 
6-MB FILE 
0:22 
0:14 


Photoshop 2.5 
PhotoStyler 2.0 
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An example of PhotoStyler’s preview 
windows, For most effects, PhotoStyler displays 
the original image and two practice or test areas. 
You apply the effect to these thumbnails to see 
what the final effect will be when you apply it to 
the entire image. Having two test areas lets you 
compare twa possible effect settings. 


fill. On the paint сап, 1 used the hue-only 
fill and flooded the eyes with blue. The 
image on the left of the screen on page 
137 shows the result. By contrast, Photo- 
shop's wand uses only RGB color-space 
distance and doesn't have the flexibility 
of PhotoStyler's wand. 


Device Support 

Rather than trying to support every con- 
ceivable input device, PhotoStyler uses 
TWAIN, an industry-standard Windows 
driver, as its basis for scanner support. Us- 
ing the Epson-supplied TWAIN driver, 1 
had no trouble getting PhotoStyler to rec- 
ognize my Epson ES-300C scanner. 

The only difficulty I had was in scan- 
ning large images. With the latest Epson 
TWAIN driver, PhotoStyler couldn't scan 
in any image much larger than 6 or 7 MB: 
the software reported that it couldn't al- 
locate sufficient memory for the scanning 
process. I called Aldus's technical support 
and found that, because the product was 
80 new, the company hadn't had a chance 
to test PhotoStyler with the Epson TWAIN 
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SHARPEN 
6-MB FILE 


0:20 
0:27 
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LOAD 
26-MB FILE 
3:36 
1:38 


SAVE 

6-MB FILE 
0:21 
0:19 


SHARPEN 
26-MB FILE 
5:39 
5:53 


driver that 1 was using (version 
1.02E). Aldus is working with 
Epson on the problem. Scanning 
with other TWAIN sources is 
supposed to work just fine. 

In the meantime, Epson own- 
ers will have to be content with 
smaller scans or use the propri- 
etary Epson driver that came 
with PhotoStyler 1.1a. The older 
driver is available directly from 
Aldus if you don't have the old- 
er version of the program. Nei- 
ther Photoshop nor Picture Pub- 
lisher had any trouble scanning а 
25-MB test image using Epson's 
TWAIN driver. 

On the output side, PhotoStyler uses 
Kodak's Precision Color Management 
System to match your screen to the in- 
tended output device. CMS installs as a 
Windows Control Panel to select your 
monitor, input device, and output device 
from a menu of known devices. Photo- 
Styler uses CMS to map all colors to your 
monitor for display and adjusts the color 
coming in from your scanner. To make 
sure you don't create something you can't 
print, CMS also changes your screen dis- 
play to match the color gamut, or range, of 
your printer or print process. 

Kodak's CMS is new and doesn't sup- 
port many devices yet. My system con- 
figuration included a standard NEC Mul- 
tiSync monitor, the Epson 300C scanner, 
and Kodak's ColorEase dye-sublimation 
printer. CMS supports neither my scanner 
nor my printer, and the monitor selection is 
limited to two standard phosphor types. 
More device support should be forthcom- 
ing from Kodak and device 
manufacturers as CMS be- 
comes more of a standard. 

If you're working on one 
output type but plan to use the 
images on a different type, the 
Soft Proof option lets you see 
how the output will look. For 
example, you may be using a 


About the Product 


PhotoStyler 2.0 ..... $795 
Aldus Corp. 
411 First Ave. S 


dye-sublimation printer but planning to 
use the images in a four-color printed 
brochure; Soft Proof adjusts the colors on 
your monitor to reflect how the image will 
appear after going through the printing 
process. 


The Price of Power 

There's a price to pay for this power, and 
I’m not just referring to the $795 retail 
price tag on the box. | did this review on a 
seriously hopped-up 33-MHz 486 with 24 
MB of RAM, a 24-bit display card, and 
about | GB of disk space. The 486 was 
poky handling images larger than 10 MB, 
and PhotoStyler didn't like editing images 
much larger than physical free memory. 

Aldus recommends at least 8 MB and a 
33-MHz 486, but for serious cditing work 
you'll want the biggest, fastest machine 
you can get. ] ended up clearing space on 
a 340-MB SCSI drive to make room for 
PhotoStyler's temporary files. 

To be fair, Photoshop claims to run on 
any 486 with 8 MB of RAM, but Photo- 
shop and PhotoStyler ran at about the same 
speed on my machine. If I were planning 
to use either package for serious prepress 
image editing, Га want at least a 50-MHz 
486DX or 66-MHz 486DX2 machine with 
32 MB of RAM and a huge hard drive. 

This review also pointed out one rea- 
son the Mac is still the most popular im- 
age-editing environment: Windows isn't 
very good at handling big programs. Sev- 
eral times, I got unrepeatable, unrecover- 
able memory errors and protection faults. 
I checked with Photoshop users and found 
that my experience wasn't that unusual. 
For my tastes, Windows simply isn't stable 
enough to use as a primary image-editing 
platform. Г уе been using PhotoStyler 1.1 
since it came out, to scan images with my 
Epson scanner, but these are usually small 
enough (less than 1 or 2 MB) to save often. 

PhotoStyler 2.0 is a major improvement 
over 1.1. The emphasis is on providing 
powerful tools to get you to the right part 
of the image and make the right changes 
the first time, without time-consuming trial 
and error. I’m a registered user of 1.1, and 
І was planning to abandon PhotoStyler for 
Adobe Photoshop, but now 1 probably 
won't. If you've got the iron 
to run it, PhotoStyler 2.0 is 
a world-class image-editing/ 
retouching package. li 


Seattle, WA 98104 

(206) 628-2320 

fax: (206) 343-3360 
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Howard Eglowstein is a testing ed- 
itor for the BYTE Lab. You can con- 
tact him on the Internet or BIX at 
heglowstein@ bix.com. 
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defined commands and functions. And 
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WE'VE EXAGGERATED HOW MUCH 
CALCULATING POWER IS IN NEW MATHCAD PLUS 5.0. 
BUT ONLY SLIGHTLY. 
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It gives you more advanced calculating power in specific-dis- 


math capability than ever before. It ciplines like signal processing, data 
lets you tackle harder problems and analysis, statistics and graphics. 
solve even tougher equations. In short, Plus, like its Mathcad predeces- 
it’s the most powerful, most advanced sors, it’s as easy and intuitive as using a 
vétsion of Mathcad" ever released. scratchpad. Simply enter equations in 

real math notation anywhere on Mathcad 


PLUS 5.05 on-screen worksheet. Add text 


And that’s no exaggeration. More 
powerful than spreadsheets or calculators, 
and graphics. Change variables and instantly 


update your work. Mathcad PLUS 5.0 calculates 


easier than programming languages, new 
Mathcad PLUS 5.0 gives engineers, scientists 
and educators more tools to do calculations answers quickly and accurately, then prints your 


results in impressive, presentation-quality documents. 
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WinFax Pro Hits the Network 


Delrina’s Windows fax package offers workgroups easy access 
to shared modems and room to grow 


STAN MIASTKOWSKI 


or good or ill, faxes have become 
3 a fact of life. But in a small busi- 
ness or corporate environment, 
equipping every computer with its own 
fax modem can mean installation and sup- 
port nightmares; and then there’s the cost 
of a fax-dedicated telephone line for each 
user. So, having one or more centralized 
fax modems connected to a LAN has be- 
come an attractive alternative, Unfortu- 
nately, the network fax software market 
waters have been more than a bit muddy. 
At the high end of the market are prod- 
ucts like Castelle FaxPress and Intel Net 
Satisfaxtion, which can cost $2000 or more 
and are designed for large networks and 
high fax traffic. Some products in this class 
require proprietary hardware and an ex- 
perienced network guru to install and 
maintain the system. Early forays into the 
low-cost end of the market, such as the 
initial version of Nuko Information Sys- 
tems’ Message Port, offered a low price 
but limited features. That’s changing, as 
exemplified by WinFax Pro for Networks, 
as well as by updates of Message Port and 
lower prices on other packages (see the 
text box “Other Faxes Received”). 


A Familiar Face 

WinFax Pro for Networks has an advan- 
tage over other low-cost network fax pack- 
ages, in part because it is built around 
WinFax Pro 3.0, one of the industry's best- 
selling Windows fax software packages 
since its introduction in 1990. WinFax Pro 
for Networks adds the "hooks" necessary 
for network use but retains the original 
product's ease of installation and use. The 
network version also retains the core set of 
WinFax Pro features, including the ability 
to send faxes directly from any Windows 
application and combine documents from 
multiple applications into a single outgoing 
fax. There's a phone-book utility that can 
be shared over the network, as well as fax 
annotation and forwarding and a full-fea- 
tured cover-page designer. You can also 
schedule fax transmissions for low-phone- 
rate hours, as well as broadcast individual 
faxes or groups of faxes to many recipi- 
ents automatically. 


For $399, WinFax Pro for Networks 
provides a server component (both DOS 
and Windows versions) and two network 
client packages. Each server can support up 
to four fax modems. For a small office en- 
vironment or a small 
workgroup in a cor- 
poration, that's a log- 
ical and inexpensive 
way to get started. 

Scalability sets 
WinFax Pro apart 
from its low-cost fax- 
modem-sharing soft- 
ware competitors. 
As fax requirements 
evolve, you can add 
to a WinFax Pro for 
Networks installation 
in a building-block 
fashion. Any work- 
station on the net- 
work can be a Win- 
Fax Pro for Networks 
server. Additional 
server packages cost 
$179 each. Client 


Delina W WinFax for Networks : 


turn an “obsolete” 286-based system into 
a capable WinFax server. (After all, pump- 
ing data to and from telephone lines 
doesn’t exactly require Pentium-level pro- 
cessing power.) 


| " Delrina WinFax PRO 
| Fax Send шшш аа Ды. ап 


‚ей. Help 


: Setup/Configuration _ 3292: 


Except for the multiple modem-status lines ar the top of the Fax Status 
Screen, using WinFax Pro for Networks is virtually identical to using 
WinFax Pro 3.0. You can also see a graphical representation of networked 


software ranges from fax resources, as shown in the background here. 


$99.90 per seat for a 

10-user license to $85.98 each for a 50- 
user license. Existing WinFax Pro 3.0 users 
can upgrade to WinFax Pro for Networks 
clients for free: You call Delrina for a new 
seria] number that makes your copy of 
WinFax Pro 3.0 network-aware. There’s 
a limit of four servers (up to 16 fax mo- 
dems total) in any one WinFax Pro for 
Networks workgroup, and an absolute lim- 
it of 255 users. 


Getting On the Network 

WinFax Pro for Networks works on any 
IPX- or NetBIOS-based DOS network. 
This includes the usual list of popular serv- 
er-based and peer-to-peer LANs, including 
Novell NetWare, Artisoft LANtastic, and 
Microsoft Windows for Workgroups. Be- 
cause of the way it uses the network, Win- 
Fax Pro for Networks works equally well 
with both types of LANs. Any station can 
be the WinFax Pro for Networks server as 
long as it has а common drive accessible to 
WinFax Pro for Networks clients. For ex- 
ample, using the DOS version, you can 


For this review, I installed multiple cop- 
ies of WinFax Pro for Networks on a five- 
station LANtastic 5.0 network, with two 
stations configured as servers under Win- 
dows. One server (a Gateway 33-MHz 
386) had both an internal Intel Satisfax- 
tion 400 fax modem and an external Mi- 
crocom Deskporte fax modem. The sec- 
ond server (a 66-MHz 486DX2-based 
system) had an external ATI 14400 ETC- 
E fax modem. For several weeks, I used 
this setup for my day-to-day fax traffic, 
sending and receiving a variety of short 
and long faxes using all three modems and 
three different telephone lines. 

Overall, WinFax Pro for Networks' per- 
formance (both imaging time and trans- 
mission time) was basically identical to 
that of the stand-alone version. This wasn't 
surprising, since WinFax Pro for Networks 
handles all imaging and stórage locally. I 
simulated a heavy load by having one of 
the servers perform an involved database 
sort at the same time it was sending and re- 
ceiving faxes. While performance slowed 
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For DOS And Windows! 


Checking Out Hot 
Multimedia Products? 


Check Out 
The ‘Eyes! 


blishing, ia dg dongles m : 
prr à 


—— for IBM FC - $399.95 
ComputerEyes/FT Monochrome - 9.95 


New ComputerEyee/LPT parallel port frame | 


grabber for laptops or апу РС - $399.95 


new! 


Computer-to-TV Converter 


* New, no-compromise video scan converter 
easily converts any computer output for 
display to large TV monitors, video 
projectors, or video Таре 

в Same hardware works with both Macintosh 
and IBM FC - all cables included 


e Simultaneous computer and TY display 

e Excellent for use with all large-screen 
monitors, video projectors, and TV's 

e Full aenlock allows for overlaying computer 
output over a live video for video titling, 
editina. and ics effects 

e New TelevEyes/Pro - only $799.95 
Low-cost TelevEyes - $299.95 


See Your Dealer Or Call For More Information 


Digital Vision, Inc. 
270 Bridag 5t.. Dedham, MA 02026 
(617) 229-5400 (200) 546-0090 
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Other Faxes Received 


ow-cost fax-modem-sharing soft- 
ware is an idea whose time has come. 
Here are acouple of other choices: 
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Message Port/Pro from Мико Infor- 
mation Systems is the latest incarna- 
tion of Message Port, а package that 
does more than share fax modems on à 
network. It's unique in offering low- 
cost modem pooling, which allows data 
modems to be shared as well. Origi- 
nally designed for Microsoft Windows 
for Workgroups, Message Port/Pro now 
supports all IPX- and NetBIOS-based 
LANS, so it covers nearly all PC bases. 

The package was in prerelease test- 
ing at press time and unavailable for 
review. But I looked at an earlier ver- 
sion of Message Port and found it lack- 
ing some essential features, such as 


wide modem support and the ability to. 


create customized fax cover pages. А 
company spokesperson says the new 
version supports all Class 1, Class 2, 
and CAS (Communications Applica- 
tions Specification) fax modems and 
provides advanced features like OCR 
(optical character recognition). Nuko 
also says the product can automatical- 
ly route incoming fax- 
es by using OCR to rec- 
ognize the name of the 
recipient. Message Port 
uses a true client/server 
approach, with all fax- 
es stored on the server 
before transmission. 
Modem pooling can 
be handy, but it may 
create heavy network 
traffic that bogs down 
LAN performance. Us- 
ers with considerable 
data communications 
needs are often better 


About the Companies 


Мико information Systems, Inc. 
1609A South Main St. 
Milpitas, СА 95035 

(800) 995-2166 

(408) 262-2225 
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Trio information Systems, Inc. 
8601 Six Forks Rd., Suite 615 
Raleigh, NC 27615 

(800) 880-4400 

(919) 846-4990 

fax: (919) 846-4997 
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off with their own dedicated modems. 

Message Port/Pro is priced aggres- 
sively, starting at $79 for a stand-alone, 
non-networked version. A 10-user li- 
cense is $399; 20 users, $698; 50 users, 
$898; and 100 users, $998. 


DataFax for Workgroups from Trio 
Information Systems has been avail- 
able for over two years and is widely 
used in Europe, It shines in the area of 
network integration, with drivers for 
nearly all commonly available net- 
works. Besides the usual server-based 
and peer-to-peer LANs supported by 
the other packages mentioned here, this 
product also supports Banyan Vines 
and Windows NT Advanced Server. 

DataFax for Workgroups supports 
nearly all-fax modems. Its server com- 
ponent is unique: you can set it up as a 
nondedicated server or as a true dedi- 
cated server. As the latter, it can support 
up to 24 fax modems on a single PC. 

Recognizing that many people use 
faxes mainly to send quick notes, Trio 
has provided a QuickFax function that 
lets you click on an icon and fire off a 
fax without having to 
deal with changing 
printer drivers. This 
product has the most 
extensive security fea- 
tures of the products 
covered here. And, for 
its features, it's also 
priced aggressively: 
two-user license, $249 
(additional single us- 
ers are $89 each); five 
users, $429; 10 users, 
$795; 20 users, $1195; 
50 users, $1595; 100 
users, $1895. 


(as expected), it was much the same as it 
would have been on a non-networked sys- 
tem. The bottom line is that, except for the 
potential wait for a free fax modem, Win- 
Fax Pro for Networks is no slouch in the 
performance department. 

WinFax Pro for Networks is one of the 
easiest-to-install LAN packages I’ve used. 
I had the two servers and five clients in- 
stalled and running on a LANtastic 5.0 
network in less than an hour. You set up 
the server component on the PC that has 
the fax modem or modems that you want 
network users to be able to access. The in- 
stallation leads you step by step through 
the process. Other than giving your work- 
group a unique name, selecting and set- 
ting up your fax modem, and selecting the 
maximum number of users that can access 
it, you have few major decisions to make. 

WinFax Pro has always been versatile at 
setting up modems, and the network ver- 
sion is no exception. Setup automatically 
detects whether you have a Class 1, Class 
2, or CAS (the Intel-specific Communi- 
cations Applications Specification) fax 
modem installed and pops up a menu of 
specific related modems. The initial re- 
lease of WinFax Pro for Networks has over 
300 fax modems in its menu. If your mo- 
dem isn't among them, you can haul out 
your fax modem's manual and set things 
up manually. (You can specify whether a 
particular modem is send-only, receive- 
only, or send-and-receive, or even if it's 
private to the server.) There are other (op- 
tional) settings as well. If you have multi- 
ple fax modems, you can separate them 
into groups and specify which should be 
used first if all are available. This option 
comes in handy if one of your modems is 
connected to a long-distance line with the 
lowest rates. 


Cramming RAM 

There is one “gotcha” to the WinFax Pro 
for Networks server software: It requires a 
DOS TSR program that takes about 90 KB 
of RAM. Luckily, setup gives you the op- 
tion of running the server TSR in UMBs 
(upper memory blocks) or in extended 
memory. If you're running a loaded sys- 
tem, this could require some tweaking, 
especially if you're using a memory man- 
ager like 386Max or QEMM. On my serv- 
er, all the UMBs were already in use, and 
my copy of 386Max wasn't set up to sup- 
ply extended memory. Furthermore, I 
didn't have enough room to run the server 
in low memory. Reconfiguring 386Max 
to supply extended memory solved the 
problem nicely. continued 
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[ИИ WinFax Pro Hits the Network 


One unusual aspect of the server instal- 
lation is that you don't set up user ас- 
counts—except for a client account on the 
server if you also want to use the server 
PC for directly sending faxes. This saves 
lots of time, but the product's unique ap- 
proach to network security will make some 
control-oriented system administrators a 
bit nervous, especially in large installa- 
tions. Users set up accounts as they install 
the client software on their workstations. 
That's not as strange as it seems at first, be- 
cause each client must have a unique ser- 
ial number. That means, for example, that 
someone couldn't make a copy of the cli- 
ent software and run it from another ma- 
chine on the network. The server would 
reject the duplicate serial number. 


Serving the Client 
Setting up the client side of WinFax Pro for 
Networks is almost identical to installing 
WinFax Pro 3.0 for Windows. The setup 
detects that the network server version has 
already been installed, so there's no need 
to choose a modem. The only additional 
network-specific chore is to specify your 
network E-mail system if you're using one. 
WinFax Pro for Networks supports all 
VIM (e.g., Lotus cc: Mail), MAPI (e.g., 
Microsoft Mail), and Novell MHS-based 
E-mail systems. 

Finishing up the client installation re- 
quires a few additional choices, such as 
choosing a default cover page, filling in 
default fax-header information, and de- 
ciding whether you want to automatically 
enable the OCR (optical character recog- 
nition) that's built into the package. Del- 
rina's OCR, based on Caere's AnyFax 
technology, is accurate and fast. Of course, 
whether you'll want to use OCR depends 
largely on the type of fax traffic you re- 
ceive. I usually receive short faxes that I 
read and discard. But if you need to store 
or edit faxes, OCR's ability 
to turn graphical fax im- 
ages into editable text can 
be handy. 

After installation, you 
can create and send faxes 
just as with the stand-alone 
package. You can fax di- 
rectly from Windows ap- 
plications by using the Win- 
Fax printer driver, which is 
automatically installed dur- 
ing setup. If you have more 
than one fax modem on 
your network, there's only 
one additional step when 
you send a fax. You can 
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About the Product 


WinFax Pro for Networks 
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server and two clients) 
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10-user package 

25-user package 

50-user package 

Free network upgrade for 
existing WinFax Pro 3.0 users 
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San Jose, CA 95119 
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fax: (408) 363-2340 

Circle 1075 on Inquiry Card. 


choose to use the first available modem, a 
specific modem, or the first-available mo- 
dem in a group (if the servers have been set 
up that way). 


Saving Server Cycles 

When you tell WinFax Pro for Networks to 
send a fax, the package checks for a free 
modem (or for whether a specified mo- 
dem is free). If a modem is free, the fax 
gets routed to the server and immediately 
sent. But what happens if it can’t immedi- 
ately send the fax is unusual. Unlike with 
competing packages, the pending outgoing 
fax isn’t stored in the server until the fax 
modem becomes free. Instead, it’s stored 
locally on the workstation. This has both 
advantages and disadvantages. 

One advantage is security. Since the fax 
isn’t stored on the server, it can’t be ac- 
cessed by someone who has access to that 
machine. Another advantage 15 that the 
server doesn’t need to have large amounts 
of free hard disk space for storing outgoing 
faxes. 

On the minus side, network traffic in- 
creases, because the client continually polls 
the server until the fax modem frees up. 
This isn’t a problem for small or lightly 
used networks, but it can create perfor- 
mance problems on large, heavily used 
networks with lots of fax traffic; the net- 
work can get bogged down with lots of 
packets looking for a free fax modem. Del- 
rina says this situation will be handled 
soon with an optional WinFax Pro for Net- 
works module that will implement true 
server-based fax queuing, It should be 
available by the time you read this, but 
pricing wasn’t available at press time. 


The Incoming-Fax Shuffle 

Faxing gets a lot more complicated when 
it comes to handling incoming transmis- 
sions— because of a limitation of fax tech- 
nology, not the product. Un- 
fortunately, the easiest way 
to route incoming faxes to 
their intended recipients is 
to install the WinFax Pro 
for Networks server on a 
PC used by someone whose 
designated responsibility is 
to handle incoming faxes— 
what the setup calls the “Ғах 
receptionist," who views 
faxes and sends them to the 
correct recipient. 

The easiest way to do this 
is via E-mail. But if your 
network does not have E- 
mail, WinFax Pro for Net- 


works can send faxes within the network: 
The fax receptionist refaxes the incoming 
fax to the recipient. This sounds strange, 
but it works well. Of course, the major 
problem with all these manual methods is 
that incoming faxes are far from secure. 
Anyone can read them. But that's true with 
a standard fax machine. too. 

There are ways to automatically route 
incoming faxes directly to the correct re- 
cipient on the network, but the process 
isn't simple, at least at the present time. It 
also requires special hardware. DTMF and 
DID (direct inward dial) direct incoming- 
fax routing requires Intel Satisfaxtion mo- 
dems on the WinFax Pro for Networks 
server and sending fax machines that sup- 
port direct routing. (At present, few do.) 
The fax sender has to enter an extension 
number and then send the fax, which gets 
directly routed to the correct recipient. 

There is hope for a simpler way in the 
future. The CCITT, which sets interna- 
tional telecommunications standards, is 
working on an automatic fax-routing pro- 
tocol that would work with an expanded 
version of the telephone company's Caller 
ID. Delrina says WinFax Pro for Networks 
will support that service when it becomes 
available. But realistically, for most users 
of WinFax Pro for Networks, manual rout- 
ing of incoming faxes is what you'll need 
to use, inconvenient or not. 


The WinFax Future 

By the time you read this, client support 
should be available for both WinFax Pro 
for DOS and WinFax Pro for Macintosh, 
as well as the above-mentioned server fax 
queuing. Further out, the company plans 
modules that offer enhanced system ad- 
ministration and security, as well as a mod- 
ule for modem pooling, sharing modems 
used for data communications. 

The easy installation and scalability of 
WinFax Pro for Networks make it a logi- 
cal choice for a variety of networks. Its 
ability to grow with and adapt to changing 
company needs is unique. It won't meet 
the needs of everyone, especially large 
corporate network installations with special 
needs (e.g.. a customer-support depart- 
ment). But for many users, WinFax Pro 
for Networks is an elegant solution to the 
thorny problem of LAN-based faxing. Ш 


Stan Miastkowski is a BYTE consulting editor. He 
has wide experience in connectivity and commu- 
nications and is the coauthor of the Windows for 
Workgroups Bible (Addison-Wesley, 1993). You 
can reach him on the Internet or ВІХ at staam@ 
bix.com, or via MCI Mail at 530-9979. 
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HANDS-ON TESTING 


GARDS FOR 
FAST GRAPHICS 


Our custom tests use real-world applications to find the 
fastest accelerator cards for Windows and the Macintosh 


JIM HURD AND MARK PAXSON 


GRAPHICS ACCELERATORS 


sers have always wanted faster graphics and truer colors, but until today’s sophisticated chip tech- 
nologies and new bus architectures appeared, these goals were attainable only at high costs. 
But for this report, we tested 76 color graphics accelerators for Windows and the Macintosh and 
found dozens of fast cards that are also economical, whether your work centers on mainstream 
Windows tasks or high-end Macintosh graphics applications. 

Our test sampling included both DRAM- and VRAM-based (video RAM) accelerators, in 
configurations that ranged from 1 MB of video memory to 4 MB or more. However, to be considered for this 
roundup, a board had to run at a minimum of 1024- by 768-pixel resolution with 256 colors in noninterlaced 
mode. Our rankings also include boards that run at 1024 by 768 resolution with 64,000 and 16.7 million col- 
ors, as well as at 1280 by 1024 resolution with 256 colors. We tested boards only in their noninterlaced 
modes. 

If you just need the power of a 1-MB video board to run general-business applications, a DRAM-based 
adapter fits the bill for a low cost. We tested 10 such boards that retail for less than $200. If you need high- 
er resolutions and more colors, you’ll need a more expensive VRAM-based board to achieve good picture qual- 
ity. While the fastest boards we tested all use VRAM, our tests show that the performance difference is 
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К low to 1 se this guide 


To find the best graphics accelerator board for your needs, 
follow the main headings until you come to the appropriate 


bus architecture and then look for the subcategory that is 
most relevant to your work. 


Need э speed for gon. for generat business? 


PC-based accelerators are grouped 
by the resolutions and color levels 
they support rather than traditional 
Lab Report rankings based on best 
overall and low cost (cur Mac 
rankings follow the traditional 
breakdowns). 


The time (in seconds) it took the 
graphics adapter and driver to 
draw а screen image. The tests 
use a collection of screens from 
top Windows and Macintosh 
applications. Lower numbers 
indicate faster performance. 


MW GENERAL PURPOSE Hercules Dynamite VL Pro D602 
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speed of RAM installed. 
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Price as configured; typically, the cost 
varies based on the amount, kind, and 


АДАА (Excellent) boards came with 
installation software and the clearast 
manuals; ААА (good) identifies 

boards that can be installed without | 
checking the documentation; AA (Га!) | 
boards required a check of the user's 
manual; А (poor) boards needed 


jumper resettings. 
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Accelerator Essentials 


PASS-THROUGH CONNECTOR 
Commonly called a feature 
connector, this is required for boards 


MONITOR INTERFACE 

Most video cards provide a singte 
video connection based on the 
standard D-shell, 15-pin VGA 
connector. Some high-end boards 
offer RGB connectors (Le., BNC). 
Some boards have multiple active 
video connectors, allowing 


that must use a separate VGA card. 
When possible, choose cards that 
integrate VGA support; they are 
VIDEO MEMORY easier to Install, and the VGA card 
VRAM boards have the doesn't take up an extra slot. 
reputation of being dramatically 
faster than DRAM boards, but 
DRAM designs have improved to қ 
the point where they’re not ы ПР, 
necessarily slower than VRAM ATE 
designs. Choose DRAM for Pie. 
economy if you mainly operate ча 


in 1024 by 768 resolution with 
256 colors. VRAM is a must for 
refresh rates that provide clear 
images at higher resolutions 

and greater color levels. 


VIDEO ACCELERATOR 
Most accelerators combine ҰСА compatibility 

into the accelerator chip to save cost. The fastest 
boards in our tests used accelerators from Tseng 
Labs, Weitek, or IIT, or a proprietary design. The 
lowest-cost accelerator designs pack the DAC (D/A 
converter) onto the accelerator chip, but most video 
boards still have a separate chip responsible for 
turning the digital information stored on the card into 
an analog signal to drive the monitor. 


usually minuscule; often a fast DRAM 
adapter will outperform an average 
VRAM board. 

To gauge performance for real-world 
conditions, we used 15 test screens that 
included such commercial graphics-in- 
tensive applications as CorelDraw, Mi- 
crosoft Excel, and Aldus Persuasion. We 
based our tests on actual applications be- 
cause many video adapters continue to 
be tuned more for benchmarks rather than 
for real-world use. 

We tested adapters for four different 
bus interfaces: VL-Bus, ISA, EISA, and 
NuBus. Some drawing operations do not 
stress the bus speed enough to show any 
significant performance advantages of 
using the faster VL-Bus. But copying im- 
ages from memory to screen (known as 
Biting), which is especially important for 
graphics illustration and multimedia ap- 
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— monitor attachments. 


VIDEO BIOS 
The video BIOS is where programs 
that support basic DOS functionality 
reside. Look for boards that provide 
VESA BIOS support in ROM 
(preferably version 2.0 or higher) 
rather than boards that make you 
load a TSR program. The BIOS is not 
used at all when Windows is running. 


BUS INTERFACE 

For the best all-around graphics 
performance, buy a local-bus graphics 
card if your computer supports either a 
PCI (Peripheral Component Interconnect) 
or the VL-Bus. These interfaces give you 
the highest bandwidth connection to your 
video card. The difference is especially 
noticeable in raw pixel coples. 


plications, was the major exception: VL- 
Bus adapters generally outperformed their 
ISA and EISA counterparts by a margin of 
more than 2 to 1 in this operation. 

Our test sample also included a wide 
variety of graphics accelerator chip sets. 
The most inexpensive boards were based 
on the Cirrus Logic GD5426 accelerator. 
The fastest chip sets varied by applica- 
tion and vendor implementation, but 
boards powered by the Tseng Labs 
ET4000/W 32; the Weitek Power 9000; 
the ПТ АСХ015; and proprietary accel- 
erators by Compaq, SuperMac, Appian, 
and Matrox ran fastest. Our rankings don't 
include boards that use the Texas Instru- 
ments 340x0 coprocessor. Although it is 
flexible, the 340x0 architecture is being 
overtaken by the lower-cost, higher-per- 
formance boards with fixed-function 
graphics accelerator chips. 


GENERAL-PURPOSE 


Hercules Dynamite VL Pro 
D602 


The $299 Dynamite VL Pro 
D602 offers performance and 
price that are similar to those 
of the. handfut of other DRAM- 
based boards that use Tseng 
Labs’ W32 chip set. The 
Dynamite VL Pro D602 gets 
the winning nod thanks to Из 
Superior documentation, 
configuration software, and 
technical support. 
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“ISA BUS 


GENERAL-PURPOSE 
Paradise/Western Digital 
Accelerator 24 


This $199 board's | 
installation’ is somewhat | 
cumbersome: because of 
jumpers that may need to be 


reset, but once you get over 


this small hurdle, the 
Accelerator 24 offers 

excellant performance, solid 
support, and the best value 

for those who use ISA I» 
systems for general-business 
applications. | 
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MACINTOSH NUBUS 


Radius PrecisionColor Pro 


In overall speed, this was the 
fastest of the 10 24-bit 
NuBus boards we tested. The 
PrecisionColor Pro also offers 
the added advantage i of 
letting you change resolutions 
without rebooting your 
Macintosh. . . 


EISA BUS 0 " 


К GENERAL-PURPOSE | 


Compaq QVision 1280/E 


Ranked best for general- 
purpose applications, this 
board also excelled for use 
with CAD applications. Its. 
speed for 256-color graphics Py 
modes. runs as fast as many 
VL-Bus boards, thanks to 
Compaq's welktuned drivers. 
The board's text and complex- 
graphics speeds rank with 
those of the fastest boards 
designed for use with any 
type of bus. 

PAGE 165 


FEBRUARY 1994 BY FE/NSTL LAB REPORT 147 


GRAPHICS ACCELERATORS 


= 
E 
9 
à 
ш 
Е 
8 
& 
- 


THE BEST GRAPHICS ACCELERATORS FOR 


е saw the biggest speed gains from VL-Bus in the true-color 
cards designed for graphics illustration and desktop publishing. 
For example, SuperMac Technology's Spectrum/24 for VL-Bus 
was over 30 percent faster than its Spectrum/24 for ISA. 

To rank cards for the general-purpose category, we compared test re- 
sults for all cards that ran in 1024 by 768 resolution with 256 colors. Although 
the Diamond Viper VLB was the fastest adapter when using 256 colors, it 
was less than 5 percent faster than the top three general-purpose adapters, 
which cost less than the Viper VLB. 

All of the top three boards used the Tseng Labs ET4000/W32 accelera- 
tor chip, whose speed and price make it the best value for this mainstream 
market. By using four-way memory interleaving, Tseng Labs’ chip wrings 
out remarkable performance from low-cost DRAM. The W32-based adapters 
were only hundredths of a second slower than the Diamond Viper VLB 
and faster than many VRAM designs. By virtue of its compatibility with 
Tseng’s popular ET4000 chip, the ET4000/W32 comes out of the box with 
reliable drivers for all popular operating systems. 

Our favorite W32-based adapter is the Hercules Dynamite VL Pro D602. 
However, because W32-based cards are so similar, we recommend that 
you shop around and compare the Dynamite VL Pro to its W32-based 
cousins to get the best price (but don’t forget to factor in support). 

Interlaced displays are a bad buy at any price because of their high lev- 
els of flicker. Either pocket the 
$50-$60 it will cost you for an 
extra megabyte of memory or 
put the money toward an adapter 
that can take advantage of the 
extra memory. 

Our direct-color rankings 
considered boards capable of 
1024- by 768-pixel resolution 
with 64,000 colors, which ex- 
cluded boards with less than 2 
MB of memory. 

Boards like the $490 Appian 
Technology Renegade 1280 VL 
Pro and the ATI Graphics Ultra 
Pro VLB make 16-bit color in- 
creasingly affordable and attrac- 
tive. 

The ATI Graphics Ultra Pro 
was the only adapter we received 
with a shipping direct-color driv- 
ег for Windows NT. 

Our desktop publishing rank- 
ings considered boards capable 
of providing 16.7 million colors 
at 1024- by 768-pixel resolution. 
Well-established in the Macin- 
tosh world, SuperMac Technol- 
ogy is acting like anything but a 
newcomer with the Spectrum/24 
VL for Windows. 

The board was a shade slower 


nologies. We used 
this feature to ex- 
. amine the self-con- 

_ figurability of the PCI 
adapters. — < ` 
Of these three 
adapters, only Dia- 
mond’s Viper PCI 
worked flawlessly. 
The other two PCI 
cards, the Graphics 
Ultra Pro PCI from 


PCI SYSTEM 


lems. 


work. 


for the mass market. 
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PCI: STILL JUST A PROMISE 


At the time of testing, we could obtain only three PCl-based (Peripheral Component In- 
terconnect) video adapters; all were preproduction models. Our test-bed system, how- 
ever, was a production model of IBM's PS/ValuePoint P60/D. Aside from its being 
available, the other و‎ йана ЖАЫ, айы و‎ а Tech- 


` ATI Technologies and the IGP64 PCI from Infotronic America, had compatibility prob | 


The ATI Graphics Ultra Pro PCI failed to run in the IBM system; however, it did run 
іп a preproduction system from Gateway. IBM and ATI theorized that the PCI BIOS ге- 
source manager had a problem with the concurrency of the two ATI video controllers. 
Infotronic's IGP64 board and driver still needed a lot of development and cleanup 


The problems that we encountered demonstrate that PCI technology is not quite ready | 


VL-BUS SYSTEMS 


Promising Beta 

Although it wasn't yet in production during 
our testing, we found the beta version of the 
Actix Systems Graphics Engine 32 VL plus 
particularly interesting. The board is based on 
a prototype 53 86С8051 accelerator chip, 
which adds memory-interleaving support to 
the widely used 86C805 chip. The Actix 32 
VL plus board is notable as perhaps the first 
DRAM design that offers noninterlaced 1280 
by 1024 resolution with 8-bit color and 1024 
by 768 resolution with 16-bit color. 

Also of note are the beta S3 drivers that 
come with the 32 VL plus. Even on the 
current-generation 86C805-based boards, such 
as the Nth Graphics Nth S3 Advantage/VL and 
the Volante WarplOLB, these new drivers 
offer a 25 percent speed improvement. which 
is enough to put those boards at the top of the 
performance pack. 


RESPONSE TIME (SECONDS) 


1024 by 768; 1024 by 768; 1280 by 1024; 
256 colors 64,000 colors 256 colors 


Diamond Viper PCI ‚586 ‚607 626 
Infotronic IGP64 PCI N/A N/A .843 
IBM ValuePoint system, 

with built-in ATI PC! 


N/A = not avallable. 


.788 М/А М/А 


than the fastest board in this 
category, the Matrox MGA Im- 
pression/3/V, but lower cost 
and higher resolution tip the 
scales in the Spectrum/24’s fa- 
vor: The board retails for $300 
less than the Impression/3/V. 
What's more, the Spectrum/24 
supports 16.7 million colors at 
1152 by 910 resolution, versus 
16.7 million colors at 1024 by 
768 resolution for the Impres- 
sion/3/V. Those extra pixels 
can mean the difference be- 
tween a full page and an “al- 
most-full" page in your favorite 
desktop publishing package. 
One serious flaw with the 
Spectrum/24, however, is its 
requirement of a separate VGA 
adapter connected via the pass- 
through connector. 

We are tempted by the Pro 
Graphics 1280's greater value, 
but it seems Media Vision 
needs more time to tweak its 
drivers. 

For CAD/CAM evaluations, 
we considered cards capable of 
1280- by 1024-pixel resolution 
with 256 colors. For people 
who make their living using 
CAD, we recommend the Ma- 
гох MGA Impression/3/V. 
The board is clearly geared for 
CAD: It comes with a separate 
manual just for Matrox’s Auto- 
CAD support software. 

If you work with Windows- 
based CAD packages, you'll 
benefit from the MGA Im- 
pression/3/V's unique mode- 
switching. The board can fool 
Windows into treating it like a 
24-bit board even when you're 
operating in 8-bit mode. 

With this feature you can 
define a monstrous 1600- by 
1200-pixel virtual desktop with 
hardware panning in which to 
do your design work. At any 
time you can see the rendered 
result in true 24-bit color by 
simply pressing a key. 

The lower-priced alterna- 
tives in this category support a 
form of hardware-assisted pan- 
ning and provide AutoCAD- 
specific drivers and documen- 
tation. 


KEY 
Ease of Use: 
Excellent AAAA Fair AA 
Good AAA Poor A 
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Need speed for general business? 


Ciz I2 4.188 01-4 е5 50 Hercules Dynamite VL Pro D602 


All the adapters based on the Tseng Labs ET4000/W32 chip offered uni- 
p formly excellent performance and under-$350 prices. But we give the nod 
to the Hercules Dynamite VL Pro for its superior documentation, configura- 
AX tion software, and support. The 0.7-second average screen draw for the W32-based boards puts 
them among the fastest boards for 256-color, 1024- by 768-pixel display resolution, despite their 
frugal DRAM-based design. 


SPEED  EASEOF РЕІСЕА RAMAS ACCELERATOR STANDARD DRIVERS 
(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS31 UND 
BEST Hercules Dynamite VL Pro 0602 0.697 AAA $299 2MB TsenglabsET400/W33i и v и 
RUNNER-UP Sigma Designs Concorde VLB 0.700 ААА $349 1MB Tseng Labs ET4000W32 ми ми и 
RUNNER-UP Focus Truespeed/W32 0.698 ААА 5169 1MB TsenglabsET4000W32 и v v 
RUNNER-UP Diamond Viper VLB 0.667 AAAA $499 2MB WeitekPower9000 и и v v 
RUNNER-UP Hercules Graphite VL Pro НСТ20 0.683 ААА 5549 2MB IIT AGXO15 v v wv 


Do you need 64,000 colors? 


БІРЕСТ СОҺОВР Appian Renegade 1280 VL Pro 


For displaying 1024 by 768 resolution with 64,000 colors, nothing could touch the speed 
and price of the Renegade 1280 VL Pro. The board was one of the few we tested that ran 
| faster іп 64,000 colors than in 256 colors (0.65 second versus 0.71 second). 


SPEED — EASEOF PRICE AS RAM AS 


ACCELERATOR STANDARD DRIVERS 
(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS 3.1 UNIX 
BEST Appian Renegade 1280 VLPro 0.650 AAA $490 2 МВ Appian AGC98032 v v v v 
RUNNER-UP Matrox MGA Impression//V 0.701 AAA $1299 3MB Matrox MGA м м v v 
RUNNER-UP ATI Graphics Ultra Pro VLB 0.780 AAA $499 2MB ATI Mach 32 и v v v 
RUNNER-UP Diamond Viper VLB 0.880 AAAA $499 2MB Weitek Power 9000 м v v v 


When true color is mandatory... 


"ES NEST MILAN II ICE SuperMac Spectrum/24 VL 


Offering 16.7 million colors at a maximum resolution of 1152 by 910 pixels, the Spectrum/ 
24's 0.8-second average screen draw was second only to that of the more expensive and 
lower-resolution Matrox MGA Impression/3/V. The Spectrum/24's documentation and driver 
reliability are impeccable. Unfortunately, it requires a separate VGA adapter. 


SPEED —— EASEOF PRICE AS RAMAS ACCELERATOR STANDARD DRIVERS 

(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS 31 (МГ 
BEST SuperMac Spectrum/24 VL 0.798 AA $999 3МВ Proprietary v 
RUNNER-UP Media Vision Pro Graphics 1280 0.839 AAA $995 4 МВ Media Vision MVV451 v wv v 
RUNNER-UP Matrox MGA Impression/2/V 0.779 ААА $1299 3MB Matrox MGA и м v v 
RUNNER-UP STB Systems Pegasus VL 1.015 AAA $849 4MB 5386С928 v v v 


For high resolution and fast performance... 


Matrox MGA Impression/2¥ 


This board combines fast performance with a unique mode-switching capability that lets you 
go from 256 colors to 16.7 million colors and back with a single keystroke. 


SPEED — EASEOF РАЮЕАЅ RAMAS ACCELERATOR STANDARD DRIVERS 

(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS 31 UND 
BEST Matrox MGA Impression'2V 0.795 AAA $1299 З МВ Matrox MGA v wv v v 
RUNNER-UP Appian Renegade 1280 VL Pro 0.821 AAA $490 2 МВ Appian AGC98032 v v v v 
RUNNER-UP Hercules Graphite VL Pro HG720 0.852 AAA $549 2 МВ ІП AGXO15 v ы” 
RUNNER-UP Diamond Viper VLB 0827 AAAA $499 2MB Weitek Power 9000 v v v v 


*SCO Open Systems’ version of the X Window System. 
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How We Tested 


or most applications, the video 
adapter is the biggest bottleneck 
in system performance. For ех- 
ample, a modern hard disk can 
load a 3-D bar chart in 40 milliseconds, 
while a fast video adapter needs about 
700 ms to display the same image. 

To create a comprehensive series Of 
tests to identify the graphics accelera- 
tors that can shorten the performance 
bottleneck, we first sought to identify 
the most important markets for video 
adapters. We concentrated on four PC 
applications and the high end of Mac- 
intosh graphics, as outlined below. 

General-purpose. 1024 by 768 reso- 
lution with 256 colors; for general-busi- 
ness applications and mainstream Win- 
dows users. 

Direct color. 1024 by 768 resolution 
with 64,000 colors; for high-end Win- 
dows graphics applications, graphic de- 
signers, and multimedia producers. 

Desktop publishing. 1024 by 768 res- 
olution with 16.7 million colors; for 
desktop publishers and graphics illus- 
trators creating color publications. 

CAD/CAM. 1280 by 1024 resolution 
with 256 colors; for engineers, archi- 
tects, and draftspersons. 

Macintosh graphics. 1152 by 870 res- 
olution with 16.7 million colors; for 
desktop publishers and graphics illus- 
tration. 

We required test boards for the PC 
platform to support a minimum of 1024 
by 768 pixels with 256 colors in nonin- 
terlaced mode. Boards had to have a 
minimum of 1 MB of memory, but if 
an adapter could support higher amounts 
of RAM, we asked vendors to supply 
the greater amount, 
up to 4 MB. 

Beyond the scope 
of this roundup are 
video adapters with 
coprocessors, such as 
the Texas Instru- 
ments 34020 chip. 
We tested a board in 
each resolution and 
at a color level that 
the board supported 
in noninterlaced 
mode. Because of 
screen flicker, we 
don't recommend us- 
ing any board in in- 
terlaced mode for a 


Comparing Scores 

When comparing performance 
scores among various boards, 
consider differences of less than 5 
percent to be unnoticeable in ac- 
tual use. You're likely to spot the 
difference in a board that ran 10 


percent faster than a competitor, 
but the difference may not be 
enough to affect your productiv- 
ity. A 25 percent speed difference 
is great enough to choose a board 
for the productivity gains it offers 
compared to a slower alternative. 


prolonged period of time. 

On the Macintosh, we concentrated 
our tests exclusively on 24-bit, true-col- 
or adapters capable of displaying 16.7 
million colors on monitors up to 21 
inches in size. We limited our testing 
to this class primarily because most 
Macintosh motherboards are equipped 
with excellent m= -— 
video capabili- 


ties for less-de- кеу 
manding appli- PL, 
cations. | 


Performance | 
was our prima- 
ry criterion for 
selecting win- |Ж 
ners. After we 
chose the top | 
performers in | 
each category, 
we ranked the 
winners and the 
runners-up by 
considering the 
cost, support options, usability, and any 
unique features the boards offered. Be- 
cause of differences in retail and street 
prices, we considered a 15 percent cost 
difference to be insignificant. 

In ease-of-use scores, adapters re- 
ceived a rating of "good" if an average 
user could install them without refer- 
ring to the manual. Ап "excellent" rank- 
ing was reserved for those adapters that 
had exceptionally clear and complete 
documentation and installation software. 
Boards that were rated "fair" required 
you to consult the documentation, while 
boards receiving a rating of poor" need- 
ed a variety of jumper changes and/or 
a call to the compa- 
ny's technical sup- 
port to configure 
them correctly. 

Although usabili- 
ty included how easy 
а card was to install, 
this judgment was 
tempered somewhat 
by the fact that in- 
stallation is typically 
a one-time task. 
Once you get even 
the most trouble- 
some board up and 
running, you're like- 
ly to be concerned 
only about perfor- 
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BENE Jim Hurd (top photo, 
ЖИ left) developed the 
ШО graphics tests for this 
| issue. Here, he and 
technical analyst Siva 
Kumar analyze test 
results. Chandrika 
Krishnamurthy and 
Mark Paxson (seated, 
| bottom photo) discuss 
| graphics accelerator 

board rankings with 
| Alan loch 


mance for the rest of that board's life. 

We also considered any unique utili- 
ties or hardware features that gave a 
board an advantage in any of our appli- 
cation rankings. For example, the Ma- 
trox MGA Impression/3/V offers mode 
switching, which lets CAD designers 
display 24-bit output with 8 bits per pix- 
el and then switch dynamically to true 
24-bit color for 3-D rendering. This fea- 
ture and the board’s CAD-specific doc- 
umentation helped the Impression/3/V 
rise to the top in our VL-Bus CAD/ 
CAM evaluations. Finally, we did not 
consider adapters for honors unless they 
could complete the entire test without 
compatibility problems, and they had to 
produce a clear, stable picture. 

We also gave higher marks to boards 
that didn’t require a separate VGA 
adapter, which not only slows the in- 
stallation process but takes up an addi- 
tional slot in your system. Finally, 
boards received higher marks if you 
could reach the company’s support staff 
through a variety of methods, including 
a company BBS, a toll-free phone num- 
ber, and a fax number. 


PERFORMANCE 


When writing our performance tests, 
we placed the most emphasis on pro- 
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$ ТОР ПОСТ INCREASES YOUR PRODUCTIVITY AT WORK. 


C H A 5 | N G We've just brought the paper chase to a resounding and refreshing halt with the 
invention of DOC-IT, the revolutionary, desktop document processor that com- 
PA PF R bines a multitude of talents. 
МЕНЕН With DOC-IT, Okidata has integrated faxing, printing, copying, scan- 
oe just a corner of your desk. Incorporating graphics capability compati- 
with visuals—without having to get 
the corner of your desk: simple, handy, pro- 
see it in action at your nearby authorized 


2 = — "ble with Windows"and most major software, DOC*IT lets you create 
out of your chair. 
ductive and private; and incredibly easy to use. 
Okidata DOC-IT dealer. TO RECEIVE YOUR 


== _ ning, cutting and pasting in one unit with a footprint so compact, it takes 
and communicate finished presentation-quality documents—complete 
No more standing in line. Everything sits on 
If DOC*IT looks good to you on paper, come 


OWN ON-SCREEN DEMO DISK, 
poen rut ousa tag Tue uo O arme vae coreey OR THE NAME OF A DEALER NEAR YOU 
Reg. Т.М. Micra Dynamics, Lid., Silver Spring, MD. CALL 1-800-OKI-TEAM, EXT. 264. 
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How We lested (continued) 


ducing tests that were a meaningful re- 
flection of real-world conditions. To re- 
produce the performance of graphics ap- 
plications, we designed our tests using 
images produced from CorelDraw, Corel 
Presents, Microsoft Excel, and Microsoft 
Word for Windows. In all, we required 
each board to display 15 test screens, 
ranging from straight text, to 2-D and 
3-D bar charts, to complex full-color 
drawings. See the box at right for test 
samples. 

We had hoped to use CorelDraw and 
Corel Presents as cross-platform appli- 
cations for both our Windows and Mac- 
intosh tests, but delays in QuickDraw 
GX sidelined CorelDraw for Macintosh. 
Instead we used Corel's export filters 
to convert our drawings into PICT for- 
mat. We also incorporated images from 
the Macintosh versions of Microsoft 
Word, Microsoft Excel, and Aldus Per- 
suasion. (Because the pictures we used 
were specific to the platform, you should 
avoid making generalizations about Mac 
performance versus PC performance on 
the basis of these test results.) 

In addition to mirroring real-world 
demands, we also designed our tests to 
be "cheat proof." Some graphics bench- 
marks, for example, use profiling to de- 
fine real-world usage; however, the tests 
consist simply of lines being drawn on 
top of each other. А clever writer of vid- 
eo drivers can improve speeds in such 
tests by adjusting the driver to draw the 
first line and ignore the rest. 

To avoid this problem, we used full 
application screens exactly as they are 
produced by applications. To further in- 
crease our test accuracy, we used mi- 
crosecond resolution timing. This al- 
lowed us to accurately measure a single 
screen paint, and it avoids the problem of 
drawing the same screen repeatedly 
(which is unrealistic and easy to “opti- 
mize away” in the driver). 

Our Windows test software draws 
each of the 15 application screens into 
both system memory and video memo- 
ry using four different color modes for 
more than 120 tests in all. We also mea- 
sured the time it took to refresh the 
screen from an image cached in memo- 
ry at screen depths of 1, 2, 4, 8, 16, and 
32 bits per pixel. (Well-written applica- 
tions will cache display images in sys- 
tem memory whenever possible to im- 
prove response times.) 

To reach an overall response time, 
we averaged test results using weights 


Test Samples 
“CD-ROM Sales 


strand ағыза» C) FFOM (ехе жан 


This Microsoft Excel bar chart helped represent business graphics. 


A CorelDraw image helped gauge color graphics speed. 


This world map tested speeds for complex monochrome drawings. 


derived from profiling typical Windows 
usage. The overall response time is the 
average ume needed to repaint the entire 
screen. Use this number to gauge the 
performance of boards that support res- 
olutions and color levels appropriate to 
your applications. 

Ош Macintosh tests performed simi- 
larly, except that we tested only in 24- 
bit-color mode, and drawing in memory 
was not a consideration because this re- 
lies only on the Macintosh Toolbox code 
and not on the video adapter. 


TEST-BED 


We tested the ISA and EISA boards in 
а 66-MHz 486DX2 Compaq Deskpro 
66M with 8 MB of memory. For the 
VL-Bus boards, we used DEC's MTE 
486/66 with 16 MB of memory. Tech- 
nicians conducted all tests using Mi- 
crosoft Windows 3.1. Macintosh test- 
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ing was done on a Mac Quadra 840AV 
with 16 MB of RAM. 
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CompuServe 


CompuServe would like to introduce you 
to our information highway. 
Complete with visitor centers, shopping malls, 


town squares, and other world travelers. 


You've probably been hearing a lot about the information 
highway lately. But before you take your next trip, 
maybe you should make sure the highway you're on is a 
superhighway. Like CompuServe. 

CompuServe has nearly 2,000 places for you to 
go, things for you to sec, and fun for you to have. You can 
turn in to onc of our many forums where nearly every 
hardware and software vendor is represented, along with 
almost every shade of political opinion. Our Electronic 
Mall’ is filled with the newest merchandise, and our CB 
Simulator and Electronic Convention Center let you just 
stop by and chat. 

Other services range from renowned reference 
databases to timely financial data and thousands of freeware 
and shareware programs. 


Plus, CompuServe has over a million and a half 


members worldwide. So, vou're bound to find plenty 
who will share your interests, be able to offer advice, 
or just become fast friends. 

For only $8.95 a month, you can get unlimited 
connect time — day or night — to a full package of more 
than 50 basic services. That includes news, stock quotes, 
travel arrangements, movie and restaurant reviews, 

60 E-mail messages a month, and more. Plus, a whole 
universe of other services is available at nominal 
additional charges. 

So, get on the fast track. For more information 
or to order, sce your computer dealer or call 
1 800 848-8199, And take our information highway 
straight into the next century. 

Œ CompuServe 


The information service you won't outgrow. “ 


Circle 80 on Inquiry Card. 
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THE BEST GRAPHICS ACCELERATORS FOR 


ISA-BUS SYSTEMS 


hile VL-Bus video receives most of the attention, ISA 
video adapters are offering more capabilities than ever 
at bargain-basement prices of as low as $149. Even 
more surprising is the fact that the ISA cards that we 
tested typically performed just 5 percent to 15 percent slower 
overall than comparable VL-Bus cards. 

Why isn’t ISA slower? After all, ISA offers a modest bandwith 
of 8 MBps maximum, compared to VL-Bus’s maximum of 132 
MBps. However, for most graphics operations, VL-Bus adapters 
don’t move data at speeds anywhere near the bandwidth of the bus. 

The VL-Bus advantage is most evident in Biting, which 15 a 
straight pixel copy from memory to the screen. (Bit is ап abbre- 
viation for "block transfer.") For example, а fast ISA card on а 
straight pixel copy will attain just under 7 MBps, while a fast 
VL-Bus adapter will top 16 MBps. This corresponds to a complete 
screen repaint (using 1024 by 768 pixels by 256 colors) of under 
.05 second for VL-Bus versus .11 second for ISA. 

The Achilles’ heel of ISA video cards is the limited address 
range of the ISA bus. Many of the fastest cards, such as Compaq’s 
QVision 1280/1, gain their speed by mapping VRAM into high 
memory. The QVision drivers that we tested would work only in 
this “flat-mapped” memory configuration. The ATI Graphics UI- 
tra Pro ISA will work with or without flat-mapping, but flat- 
mapping offers a substantial performance boost. The problem 
with flat-mapping in an ISA system is that you are generally lim- 
ited to 12 MB of system RAM, an amount that seems smaller 
every day. 

The Paradise/Western Digital Accelerator 24 offers the best 


AVOID INTERLACING 


When Video Drivers Matter 

Under Windows (but not the Mac), video-driver 
software is vital for drawing images in system 
memory. Typically, video acceleration hardware 
cannot be used for this task, so the performance rests 
solely on the cleverness of the driver software. 

The speed of drawing images in system memory is 
crucial to overall system response time, because many 
applications will prepare the image in memory and 
then copy the finished image to the screen. 

Even on fast 486/66 machines, the performance of 
the software driver is often more important than the 
speed of the video hardware. We found instances 
where a new driver would boost a board's 
performance by 25 percent, enough to move it from 
the bottom of the heap to near the top. If you haven't 
upgraded your driver recently, it might pay to check 
out your vendor's BBS for any recent enhancements. 

The difference in driver performance is cven more 
dramatic when using operating systems other than 
Windows. Our top-performing board for use with 
Windows NT was the Hercules Dynamite VL Pro 
D602, a low-cost DRAM board; its faster driver far 
outweighed its marginally slower hardware. 


In deciding what graphics accelerator to buy, make sure you weed out those that support only resolutions that are used in 
interlaced mode, because eyestrain will result if you work for long periods of time with an interlaced display. Nevertheless, 
vendors continue to provide interlaced modes, even though monitors designed with the slow phosphor needed for interlacing 
are rare. Worse, many vendors don't make it clear what resolutions require interlacing. We strongly suggest that you ignore 


interlaced modes when making your pur- 
chase decision. 

Also, be wary of advertised resolutions 
that require 90-Hz refresh rates. Usual- 
ly, this indicates that interlacing has 
been implemented by the vendor: The 
actual refresh rate is 45 Hz, which is 
doubled to cover the two refresh sweeps. 

At the time of our testing, all the DRAM- 
based boards implemented interlacing 
in modes that required 2 MB of memory. 
For this reason, we recommend that you 
purchase DRAM-based boards with only 
1 MB of memory if they only run inter- 
laced modes with 2 MB. 
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Noninterlaced 


interlaced 


value for general-purpose ap- 
plications (1024 by 768 pixels 
with 256 colors). Despite its 
price/performance strengths, 
the Accelerator 24 offers only 
fair usability: It was among a 
handful of boards we tested 
that may require you to change 
jumpers, depending on your 
system configuration. 

The 53 86C801—based STB 
PowerGraph X-24 also lists for 
$199 and, also like the Accel- 
erator 24, it is DRAM-based. 
The PowerGraph was the slow- 
est of the boards ranked for this 
category, but new S3 drivers, 
which were in beta at the time 
of our testing, showed a no- 
ticeable improvement over the 
released drivers we used for 
our formal rankings. 

The lowest-cost boards we 
tested were based on the Cir- 
rus Logic GD5426 chip. These 
boards include the STB Hon- 
zon VGA ($159) and Cardi- 
nal’s VideoSpectrum XL 
($149). 

The standard GD5426 driv- 
ers are not the easiest to install, 
however; you must separately 
install a DOS utility to set the 
monitor refresh. 

You'll need higher-cost 
VRAM-based boards to pro- 
duce stable images with 16-bit 
color at 1024 by 768 pixels. 
Like its VL-Bus cousin, the 
1280 VL Pro, the Appian 
Renegade 1280 ISA is one of 
the few adapters that actually 
ran faster using 16-bit color 
than it did while using 8-bit 
color. We didn't like the 1280 
ISA's unnecessarily complex 
installation. 

For CAD/CAM applications 
(1280 by 1024 pixels with 256 
colors), our two top choices use 
S3's 86C928 chip. The Sigma 
Designs WinMach 1600 was 
the fastest board in this cate- 
gory by a slim margin, but the 
Pixelworks WhirlWin-II was 
$100 cheaper. We gave the nod 
to the WinMach 1600 for its 
support of 24-bit color (16.7 
million colors) at 800 by 600 
resolution. 


KEY 
Ease of Use: 
Excellent AAAA Fair AA 
Good AAA Poor A 


BEST 


BYTE 


Need top performance and economy? 


ISA-BUS GRAPHICS ACCELERATORS 


GENERAL-PURPOSE Paradise/W D Accelerator 24 


This board was a top performer among the low-cost DRAM-based 
adapters. Unlike the top-performing Compaq QVision 1280/1, the Accet- 


514 erator 24 won't limit your memory expansion. The Accelerator 24 is 


more difficult to configure than most adapters due to its reliance on jumpers. 


SPEED — EASEOF — PRICEAS RAM AS ACCELERATOR STANDARD DRIVERS 

(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS 31 UNDC 
BEST Paradise/W D Accelerator24 0.733 А 5199 1 МВ WD90C31 v v v 
RUNNER-UP Compaq QVision 12801 0.721 AAA $599 1MB Proprietary v v v v 
RUNNER-UP Hercules Graphite Pro HG310 0.744 AAA $399 1 МВ ІТ AGXO15 v v v 
RUNNER-UP Volante Warp20-2 0.766 AAA $499 1MB IIT AGX-14 v v v 
RUNNER-UP STB Systems PowerGraph X-24 0.865 AAA $199 1MB 5386С801 v v v 


The speed leader in 64,000 colors 


MLA Appian Renegade 1280 ISA 


Appian Technology builds the Renegade 1280 ISA specifically for direct-color use: It runs faster 
in 64,000-color mode than In 256-color mode. If you are looking to step up to direct color and 
want to say good-bye to using palettes, consider the Renegade 1280 ISA. 


PRICE AS RAM AS 


SPEED EASE OF ACCELERATOR STANDARD DRIVERS 

(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS 31 UNIX 
BEST Appian Renegade 1280 ISA 0.659 AAA $490 2MB Appian AGC98032 ми v “ “ 
RUNNER-UP ATI Graphics Ultra Pro ISA 0.803 AAA $499 2MB ATI Mach 32 v v v v 
RUNNER-UP Compaq QVision 12807 0.840 AAA $599 2MB Proprietary и v v v 
RUNNER-UP Nth Graphics Nth Edge 1280 0787 AAA $995 2 МВ Chips & Technologies 481 и v 
RUNNER-UP Sigma Designs WinMach 1600 0.832 AAA $995 2 МВ S386C928 v v 


For the best speed in true color... 


DESKTOP PUBLISHING superMac Spectrum/24 ISA 


Long a major force in the Macintosh market, the company's offerings dominated our tests 
for cards capable of 16.7 million colors at 1024- by 768-pixel resolution. However, the board 
requires a separate VGA graphics adapter. 


SPEED EASE OF 


PRICEAS RAMAS ACCELERATOR STANDARD DRIVERS 
(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS 31 UND 
BEST SuperMac Spectrum/24 ISA 1.288 AA $999 3MB Proprietary v 
RUNNER-UP Raster Ops PaintBoard PC 1.963 AAA $999 3MB 5386С924 v v 
RUNNER-UP Number Nine #9GXE 2.700 AAA $895 4MB 5386С928 v v 


For switching resolutions on the fly... 


CAD/CAM Sigma Designs WinMach 1600 


The WinMach 1600 supports hardware panning and allows basic image manipulation, such 
as compression/decompression, antialiasing, rotation, and scaling. The board supports 
16.7 million colors at 800 by 600 resolution for photo-realistic rendering and can change 
resolutions via a hot key. 


SPEED EASE OF PRICEAS RAMAS ACCELERATOR STAMDARD DRIVERS 

(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS 31 UNIT 
BEST Sigma Designs WinMach 1600 0.808 AAA $995 2MB S386C928 v v 
RUNNER-UP Pixelworks WhirlWin-l 0.815 AAA 5895 2MB 53 866928 и v v v 
RUNNER-UP Compaq QVision 1280/1 0.857 AAA $599 2MB Proprietary v м v v 
RUNNER-UP Appian Renegade 1280 ISA 0.886 AAA $490 2MB Appian AGC98032 и м v v 
RUNNER-UP ATI Graphics Ultra Pro ISA 0.967 AAA $499 2 МВ ATI Mach 32 м wv v v 


*SCO Open Systems' version of the X Window System. 
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Ассејагаіог 


Paradise/Westem Digital — 


Windows NT Drivers: 
Better Late Than Never? 


any of the best-performing ac- 
celerators we tested had only 
beta Windows NT drivers dur- 
ing our test cycle. In fact, the 
only shipping NT drivers at the ume of 
testing seemed to be those that ship with 
NT itself. Aside from the drivers with 
results shown in the accompanying bar 
chart (all shipped on the Windows NT 
CD-ROM), we received beta drivers for 
the SuperMac Spectrum/24 VL for Win- 
dows, Diamond Viper VLB, Hercules 
Graphite VL Pro HG720, and Matrox 
MGA Impression/3/V. 

At this early stage, the low-cost Her- 
cules Dynamite VL pro D602 walks 
away from the field (but it is still slow- 
er than it is in Windows 3.1). The NT 
tests ran on a 486/66 DEC MTE. 

For Windows NT testing, we used 
software based on the same code as the 
Windows tests with a few conditional 
compilation switches. Testing graphics 
performance under NT can be tricky, 
thanks to NT’s automatic GDI (Graph- 
ical Device Interface) instruction batch- 
ing and dictatorial grasp of memory. 

The instruction batching seeks to min- 
imize the overhead of making many 
small requests to the graphics driver by 
grouping many small requests into one 
big request. Carelessly constructed tests 
can end up measuring the time it takes 
to place an instruction into this cache, 
rather than the time it takes to paint the 
screen. 

The memory problem stems from 
NT’s refusal to lock more than 128 KB 
of a process into memory. This limita- 
tion causes problems when testing 
adapters with 4 MB of VRAM. An un- 
intentional swap can disrupt results. 


Response time (seconds; 256 colors) 


AT | 
Ura Pro VLB 


SpeedStar Pro VLE ЕЕЕ 
Provo MEL 
Stealth Pro VLS | 


Hercules Dynamite 
VL Pro D602 


Accelerator VL Pius 
«Better 


Find the Right Color Depth 


Although 8-bit boards capable of 
256 colors are adequate for 
Windows and general-purpose 
applications, consider stepping up 
to a 16-bit board with 64,000 
colors. Ideal for multimedia 
applications, 16-bit color requires 
2 MB of VRAM for 1024 by 768 
resolution. For Windows users, 
the greater color depth avoids the 
distracting “color flash" that 8-bit 
boards can produce when you 
change windows or move among 
multiple open applications. 


Which Bus Is Best? 


Overall, little performance differ- 
ence exists between the fastest ISA, 
EISA, and VI-Bus graphics accel- 
erators when you run at a relatively 
small color depth, such as 1024 
by 768 pixels with 256 colors. But 
when you increase the color depth to 
24 bits, you will see some signifi- 
cant performance differences be- 
tween ISA and the other bus types. 
Therefore, if you're only using 256 
colors in your applications and you 
have an ISA system, the inexpen- 
sive ISA-based cards should serve 
. you well. 


When Is VL-Bus a Must? 


VL-Bus cards can become faster 
as you add memory to your 
system. This speed benefit comes 
because properly designed 
applications will use available 
system memory to cache screen 
information that can then be 
quickly copied to the screen. This 
image copying (called Blting) is 
what really separates VL-Bus 
cards from other cards: Speedups 
of over 2 to 1 are common for this 
operation. 


= 
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HOW TO BUY A GRAPHICS ACCELERATOR 


How Much Memory? 


Be wary of misleading vendor 
claims. A board may be 
advertised as being able to display 
16.7 million colors. However, if 
the board only has | MB of video 
memory, then this color level is 
possible only at the undesirable 
resolution of 640 by 480 pixels. If 
you need lots of color, use the 
following table as a guide to 
determine your minimum memory 
needs. 


If you And you Video memory 
run this use this Should be 
resolution | many colors at least 


640 by 480 16.7 million 1MB 


800 by 600 64,000 1MB 
800 by 600 16.7 million 2 МВ 


1024by768 256 1 МВ 
1024 Бу 768 64,000 2 МВ 
1024 by 768 16.7 million З МВ 


1280 by 1024 256 2MB 
1280 by 1024 — 65,000 3MB 
1280 by 1024 16.7 million 4 MB 


Consider Support 


Be sure that your vendor is able to 
provide you with updated drivers 
in a convenient manner. Often 
substantial performance gains will 
result from the latest, more 
efficient drivers. On the other 
hand, high-performance Windows 
drivers are immensely complex, 
so there’s always a chance that 
some bug will prevent correct 
operation, and you should be able 
to download company fixes 
quickly. 


Simply the best all-in-one Desktop Video Studio, for 
B video editing 

Ш animation-to-video 

Ш video presentations 


All hard- and software included. And it runs on your 
standard Windows-PC or Macintosh! 


Features include an edit control unit, a video mixer 
with 6 inputs, a character and graphics generator for 
titling, a 300-- digital video effects unit, and 4-chan- 
nel audio re-recording in CD stereo quality. 


Video Machine gives you full studio quality for a price 
you can afford! 


But don't just take our word for it: 


"A Dream Machine... FAST has produced a real win- 
ner" AV Video 


"Seems like magic... an outstanding achievement..." 
Byte 

"The FAST Video Machine is the closest thing to a one- 
step solution you will find. Video Machine offers the 
most bang for the buck of any solution on any plat- 
form" High Color Magazine 


"Add up prices for stand-alone gear, and you'd be 
hard-pressed to top this board for ten times the mo- 
ney" Videomaker 


"Seeing is believing!" Broadcast Hardware 


We couldn't say it any better. 


USA: 
| FAST Electronic U.S. Inc. 


Natick MA 01760 
Tet. (800) 248-FAST 
Fax (508) 650-0447 


International: 

FAST Electronic GmbH 
P.O. Box 20 07 19 
D-80007 München 

Tel. 4-49 89 50206-0 
Fax ++49 89 50206-199 
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Imagination. Made in Europe. 


YES, | take your word for it! Send me 
more information about: 

[ | Video Machine for PC 

[] Video Machine for Macintosh 


Address 
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THE BEST GRAPHICS ACCELERATORS FOR 


e tested 10 two-page, true-color display adapters for 
Macintosh-based graphics illustration and desk- 
top publishing. All these NuBus boards were easy 
to use and produced clear, stable pictures. We used 
a Mac Quadra 840AV for testing, which is a typical target 
platform for these cards, because its maximum 2 MB of 
VRAM leaves it | MB shy of what’s needed for dual-page, 
true-color displays. 

Our best-overall rankings identified the speed leaders, with- 
out concern for price. Our low-cost rankings were limited to 
boards priced below $1800. Not surprisingly, these boards 
offer slower response times than the higher-priced boards, 
but they sell for about $700 less. 

Our tests showed only modest performance differences 
among the boards ranked as best overall. If you don't need the 
absolute best performance, the lower-cost SuperMac Spec- 
trum/24 PDQ Plus may offer better value than the Radius 
PrecisionColor Pro. | 

The top two product families, the accelerators from Ra- 
dius and SuperMac Technology, provide an interesting con- 
trast in design philosophies (the SuperMac/E-Machines Ultura 
LX is a SuperMac design, so these comments apply to it as 
well). The Radius adapters excel at moving photographic im- 
ages to the display from memory. The SuperMac adapters, on 
the other hand, are outstanding at executing streams of graph- 
ics primitives, such as lines, polygons, and text. SuperMac 
claims to accelerate 80 percent of all QuickDraw operations, 
a claim that was borne out in our test results: With the ex- 
ception of Radius’s PrecisionColor Pro in the best-overall 
category, SuperMac boards consistently posted the fastest 
overall speeds among the ranked boards. 

However, since just about every program does a combi- 
nation of image transfers and graphics primitives, it would 
be fair to say that the two designs offer roughly equivalent 
overall performance. Users primarily interested in running 
Adobe Photoshop or other image-editing software will prefer 
a Radius adapter; the top-ranked PrecisionColor Pro moves 
pixels to the screen at an impressive 5.4 million pixels per 
second, compared to under 3 million pixels per second for 
all the SuperMac adapters. 

The SuperMac cards offer hardware panning, which al- 
lows you to pan across a large desktop more quickly than 
you could by using the normal interface. This feature would 
be most useful for people who use CAD programs. Large vir- 
tual desktops force you to drop down to 8 bits of color, which 
limits the usefulness of this capability for graphics and pub- 
lishing work. The SuperMac Spectrum/24 Series IV is ranked 
in the best-overall and low-cost categories, but be cautious 
about comparing its score directly to those of the other boards. 
Its top resolution is 1024 by 768 pixels, and it was tested at this 
resolution. 

The SuperMac Thunder series of boards allow you to add 
memory for on-board GWorlds (i.e.. images that exist in mem- 
огу but are not displayed on-screen). This may offer an addi- 
tional acceleration for applications that are written to take 
advantage of GWorlds, but you have to weigh the advantage 
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MACINTOSH NUBUS SYSTEMS 


DSP Acceleration | 

Several of the SuperMac display adapters come equipped 
with DSPs (digital signal processors) to accelerate image- 
processing algorithms. The SuperMac DSP-based 

` PhotoFlash architecture uses two AT&T DSPI6A chips. 
SuperMac provides software to speed up existing Adobe 
Photoshop image-processing filters and to add new filters, 
including a new motion-blur filter. JPEG operations are 
significantly accelerated, even on a Mac Quadra 840AV, 
using Storm Technology’s QuickPress. Using QuickPress 
makes JPEG practical for 160- by 120-pixel video editing 
using QuickTime editors such as Adobe Premiere. : 


|. Displaying a SPEG-Compressed Picture 


Quadra 840AV 


Quadra 840AV 
with SuperMac 
ThunderStorm Pro 


1.0 1.5 2.0 2.5 


Seconds 


of putting the memory on your display adapter rather than 
putting it in your system. Additional memory on the display 
adapter means the acceleration hardware can update off-screen 
images and, more important, the off-screen image can be 
copied to the screen without having to squeeze through the 
NuBus. 

The two offerings from Radius don't offer hardware pan- 
ning, but they allow you to change the resolution of the screen 
without restarting your Macintosh. This might be useful if 
you use a 17-inch monitor, as you might want to temporarily 
view the entire page (at 1152 by 870 pixels) and then revert 
back to the normal-size image (832 by 624 pixels) to contin- 
ue your design work. This feature is of no apparent use on a 
2]-inch monitor, however. 

The RasterOps PaintBoard Turbo XL significantly lagged 
behind the pack in performance. It would be an especially 
poor choice for image-editing applications such as Photo- 
shop; its time of 1.5 million pixels per second is less than a 
third of the speed of the more expensive Radius Precison- 
Color Pro. However, its text-display speed is better than that 
of the Radius boards and within 5 percent of the speed of the 
SuperMac boards. 

All the NuBus boards slow down dramatically when dis- 
playing 16-bit images (when using 24-bit-color mode). The 
Radius PrecisionColor adapters move 16-bit images to the 
display at one-tenth the speed of 24-bit images. The SuperMac 


What Makes Desktop Projector. 


Lift-up cover 
and optics 


ia =з аи 


Cyclops --- 
cordless mouse 
capability 


| Stereo speakers that 
| face the audience 


ACE controller system 
for superb computer 
and video images 


— Easy to use, 
aintuitive controls 


Compact, Jaw profile 
and lightweight 


A Desktop Projector’ 


Projecting the power of your computer in the meeting room. 


It’s not just the innovative, lightweight 
design. Or the remarkably easy-to-use 
controls. It's not even the brilliantly 
vivid computer and video images it so 
effortlessly projects—even in well-lit 
meeting rooms. 


It's all of this and more. 


[n fact, one look at Proxima's Desktop Projector series of LCD pro- 
jectors and you'll know that a new breed of computer peripheral has 
arrived. It's the ultimate way to present information and share data. 


Look better, work smarter 
Now you can use the same computing tools vou already use at vour 
desk to enhance the productivity of your meetings. With Proxima's 


DESKTOP 
PROJECTION 


Desktop Projectors, everyone can see, share, and shape 
information together. That's what we call Desktop 
Projection. It helps build consensus in meetings; lets 
workgroups create project schedules, budgets and other 
documents more quickly; and leads to faster, smarter 
decisions. 


And that saves you time and money. 


Desktop Projector 2800 shown above. 


Of course, you can also project brilliant presentations that captivate 
your audience. Not only do Desktop Projectors let you incorporate 
sound, motion, and our amazing Cyclops cordless mouse, but 
they eliminate the need for slides, flip charts, and transparencies. 


Any computer, any application 

Proxima's Desktop Projectors connect just like a 
monitor to any PC or Mac and work with your fa- 
vorite productivity-enhancing software. Starting 
as low as $4,995, and weighing as little as 18 
pounds, there's a model for almost any budget or 


Portable Deskto 


application —from high-performance color to projectors go where 
multimedia projection. the action is. 


So whether it's a sales presentation, management discussion, or 
training session, Proxima's Desktop Projector series lets you project 
the power of your computer in the meeting room. 


For more information or the dealer nearest vou, call us today. 
1-800-447-7694 


PROXIMA?’ 


Proxima m 6610 Nancy Ridge Drive, San Diego, CA 92121, (619) 457-5500. In Europe: Horsterweg 24, 6191 RX Beek, The Netherlands, +31-43-650 248. Proxima is a registered trademark and Desktop 


Projector an 


Desktop Projection are trademarks of Proxima Corporation. Other trademarks are the property of respective owners. 
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"Matrox МСА: 


The "World S Fastest Graphics Accelerator 


Accelerate your iudi, CAD and 
Multimedia applications to their graphical 
limits as they take advantage of MGA's 
64-bit technology. Not only does MGA 
provide the world's fastest performance, but 
MGA also gives you the productivity 
features you need most. And MGA has 


received over a dozen awards to prove tt! 


ISA VOTE 
MGAs newest PCI and VL additions to the 
Ultirna family provide the ultimate low-cost 
graphics solution for the PC Power User. The 
MGA Ultima starts at $599 for 2 MB of VRAM 
and the MGA Ultima Plus, at $699, is fully 
upgradeable to 4 MB. 
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Т" to 90 million WinMarks' of — speed 
• Up to 35 million WinMarks' in 24-bit color 

+ Upto 1600 x 1200 in 8 and | 5-bit color 

+ Upto 1152 х 882 in 24-bit color 

* Refresh rates up to 120 Hz 

• Accelerated 24-bit Video-for-Windows playback 
* Real-time CAD acceleration with our 


Ф 


powerful DynaView ™ drivers. 


Ma — (514) t$ 2830 есіме) 505-2053 
Маки (00) ted, G Cherry Orchard West Көтбуеү Park, Brandon, England Ted ; 7931-814-102 
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And for ee true "- өні 3D CAD 
users, Matrox offers the MGA Impression 
series of graphics boards which provide 


24-bit color acceleration at resolutions up to 
1280 x 1024 and real time manipulation of 
3D wireframe and Gouraud shaded drawings. 


Iu 
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Bos 
| ature-filled Control Panel 

Access MGA's advanced Windows features 

using a practical contro! panel: 

Instant Modeswitch "* on-the-fly resolution and 

color depth switching without exiting Windows 

Pixel Touch hardware pan and zoom (2x,4x) 

QCDP™ true color simulation in 8 and 

| 5-bit at resolutions up to 1600 x 1200 

Virtual Desktop sizes up to 1600 x 1200 

VideoView full screen VW playback at 

30 frames per second 
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Matrox's миша ter reliable hardware and 
solid drivers 15 a result of nearly two decades 
of proven performance in developing graphics 
solutions for companies like Sun, Hewlett 
Packard and IBM. Matrox is now bringing its 
technological innovations and workstation- 


level products to the я 

р 4) Starting 
سس‎ 59C 
but for thousands | 14 
of doliars less. d 


MGA offers support i for PCI, VL, ISA and 
MCA, and driver support юг Windows 3.1, 
NT, OS/2, X-Windows, AutoCAD and 


MicroStation. For more information, call: 


1-800-361-1408 


Ини: (514 685. 685- 0174 
Matrax ОСОР, Matrox Instant 
میت اا‎ ane gar وج ا ا وا‎ ші 


[1] Based on in-house testing of a 2 MB MGA Шта PCI version uung Aft- Dens 
WinBench 3.11, Pentium B6MHL 512% cache, 72 Hz 

(2) Based on т ћоиза testing of 2 MB VL boards using Ziff -Daws V^nBench 3 
Pertum GOY, 512% cache. 72 Hz MGA and Number Nines 1074 x 768 x Ns 
scores аге based on 4 МӘ VL boards. 
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boards move 16-bit images at 
about one-fifth the speed of 32- 
bit images. The lesson here is 
to be sure to switch to the col- 
or mode that matches the im- 
age that you are editing or 
viewing. 

The performance penalty for 
displaying 1-, 2-, 4-, and 8-bit 
images is far less severe. One- 
bit images display at half the 
speed of 32-bit images on the 
Radius adapters and only 15 
percent slower on the Super- 
Mac adapters. The significance 
of this is that you can work 
with these lower-color images 
(monochrome is particularly 
common for desktop publish- 
ing) without resetting the colors 
on your monitor. 

When comparing the results 
of the Macintosh display sys- 
tems, it becomes clear that Ap- 
ple is under serious attack by 
the Windows products for 
high-end graphics applications. 
VL-Bus adapters such as the 
SuperMac Spectrum/24 VL for 
Windows and the Media Vi- 
sion Pro Graphics 1280 offer 
equal or better performance 
than our top-rated Macintosh 
display adapters at a fraction 
of the cost. 

Because the tests were not 
identical (we used popular Mac 
programs to create tests for the 
Mac and popular Windows 
programs to create tests for the 
PC), we cannot make an over- 
all comparison between the 
graphics performance of the 
Mac and that of the PC. But on 
one comparable test, the time 
required to copy a 32-bit im- 
age from system memory to 
display memory (a common 
Operation in Adobe Photo- 
shop), the VL-Bus adapters 
show a decided price/perfor- 
mance advantage. For exam- 
ple, the top-ranked Preciston- 
Color Pro for NuBus clocks in 
at 5.4 million pixels per sec- 
ond. The SuperMac Spectrum/ 
24 VL for Windows produces 
an equally impressive 5.3 mil- 
lion pixels per second, but at 
less than half the cost. 


KEY 
Ease of Use: 
Excellent AAAA Fair AA 
Good AAA Poor A 


is m. -ч S 
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Need the best 24-bit Mac card? 


NUBUS GRAPHICS ACCELERATORS 


аллы. Radius PrecisionColor Pro 


The Radius PrecisionColor Pro was the fastest Macintosh- 


өкі based board overall, beating out the SuperMac Thunder 


cards by a narrow margin. The PrecisionColor Pro shows 
se its biggest speed advantage when copying photographic 


images to the screen: At 5.4 million pixels per second, it 


was 80 percent faster than the Thunder |I, the significantly more expensive 


card that won out Іп our rankings for high-speed imaging. For text speed, 


however, the PrecisionColor Pro was 33 percent slower than the Thunder |І, 


The PrecisionColor Pro has the ability to change resolutions without requiring you to reboot tthe machine, The 3 
MB of VRAM in our test configuration is also the maximum amount of memory that is supported by the Precision- 


Color Pro. 
QVERALL SPEED TEXTSPEED IMAGINE SPEED ауы PRICE AS 
(SECONDS) (50) (SECONDS) (SECONDS) ТЫЮ 
BEST Radius PrecisionColor Pro 1.349 0.243 1.881 0.186 $2499 
RUNNER-UP SuperMac Thunder/24 1.421 0.193 1.967 0.367 $2599 
RUNNER-UP SuperMac/E-Machines UtturaLX 1.430 0.207 1.980 0.367 $1299 
RUNNER-UP Radius PrecisionColor 24Х 1.473 0.445 2.028 0.207 $2499 
RUNNER-UP SuperMac Ѕресітиту24 PDQ Plus 1.464 0.224 1.993 0.423 $1499 
Are you cost-conscious? 
LOW COST SuperMac Spectrum/24 PDQ Plus 


RAM AS EASE ACCELERATOR 

TESTE OOF USE CONTROLLER 

3MB AAAA Radius Custom 
3MB AAAA Proprietary 
3MB AAAA Proprietary 
3MB AAAA Radius Custom 
3MB AAAA Proprietary 


The overall speed of the Spectrum/24 PDQ Plus beats the Raster Ops 
PaintBoard Turbo XL by a narrow margin. The Spectrum/24 performed especially 
well In tests that measured imaging and bit-map speed. The Spectrum/24's 
price beats that of the Raster Ops PaintBoard Turbo XL by more than $200. The 
performance and retail price of both cards are roughly comparable. The 
Spectrum/24 can provide hardware panning at less-than-24-bit color. Although 


the less expensive Spectrum/24 Series IV looks impressive, be aware that its 
maximum resolution is 1024 by 768 pixels. If you can work within this limit, the 
Series IV can be a good, low-cost choice, especially if fast bit-map speed is 


important to you, 

OVERALL SPEED — TEXT SPEED 

(SECONDS) (0) 
BEST SuperMac Spectrunv24 PDQ Plus 1.464 0.224 
RUNNER-UP Raster Ops PaintBoard Turbo XL 1.858 0.225 
RUNNER-UP SuperMac Spectrum/24 Series IV 1.450 0.313 


IMAGING SPEED 
(SECONDS) 
1.993 
2.534 
2.057 


When speed matters... 


PRICE AS 
ТВ 
$1499 
$1749 
$949 


RANAS USE ACCELERATOR 
TESTED  OFUSE CONTROLLER 
3MB AAAA Proprietary 
3MB AAAA Proprietary 
3MB AAAA Proprietary 


Most of the Macintoshes to appear since the Mac Il ere starved for NuBus 
slots. The Thunder і includes a dua! DSP accelerator while still occupying 
a single NuBus slot. Even on the top-of-thetine Quadra 840AV, the board's 
DSP acceleration gave us a 50 percent speedup while displaying JPEG- 
compressed Images. The DSP acceleration also speeds up image filtering 


in Adobe Photoshop. The Thunder II provides performance that's 
equivalent to that of the Radius PrecisionColor Pro and faster than that of 
any of the other cards we tested. 


OVERALL SPEED — TEXT SPEED 


(SECONDS) 
BEST SuperMac Thunder ЇЇ 1.400 
RUNNER-UP бирегМас Thunder ЇЇ Light 1.444 
RUNNER-UP SuperMac ThunderStorm Pro 1.422 


(SECONDS) 
0.182 
0.198 
0.194 


IMAGING SPEED 
(SECONDS) 
1.953 
1.964 
1.968 


BOT-MAP SPEED — PRICE AS 
(SECONDS) ТЫН 
0.334 $3999 
0.424 $2999 
0.366 $3199 


RAM AS USt ACCELERATOR 
TESTED — OFUSE CONTROLLER 
6MB AAAA Proprietary 
3MB AAAA Proprietary 
3MB AAAA Proprietary 
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THE BEST GRAPHICS ACCELERATORS FOR 


EISA-BUS SYSTEMS 


fter testing six graphics cards designed for EISA, we 
were pleasantly surprised to find that EISA video 
speeds can keep up with VL-Bus speeds. We still be- 
lieve that VL-Bus is the best choice tor graphics per- 
formance, but some EISA systems, notably Compaq's M se- 
ries, lack a local bus. For those systems, cards such as the 
Compaq QVision 1280/E are competitive with the best of the 
breed for any bus attachment. 

Users of EISA systems can also consider ISA-based video 
accelerators, and we found that these boards usually work 
flawlessly in an EISA system. Accordingly, we considered the 
entire sampling of EISA and ISA cards for all awards in this 
section. Nevertheless, our tests show that while they are com- 
patible with EISA systems, ISA boards arc slower and less 
flexible than EISA boards, which can fully participate in 
EISA's automatic configuration scheme. (The EISA version 
of the Appian Renegade 1280 didn't arrive in time for testing.) 

А major advantage of the EISA bus over ISA is the 32-bit 
address space (4 GB), compared to 24 bits (16 MB) for ISA. 
Compaq's ISA-based QVision 1280/I in particular requires a 
large chunk of the ISA address space; using this board limits 
your overall ISA system memory to 12 MB. 

The QVision 1280/E earned our highest rankings for gen- 
eral-purpose and CAD/CAM. With even IBM now moving to 
third-party graphics designs, Compaq is one of the last system 
vendors to make its own video accelerators and write its own 
drivers. The QVision 1280/E is a remarkable success; it dom- 
inated all the other cards in the 256-color graphics modes. 
However, its drivers for 64,000 colors are newer and not as 
well tuned. Consequently, it placed only sixth in those tests. 

The QVision 1280/E gains much of its speed through high- 
ly tuned drivers; it was one of the few cards to quickly handle 
a display of a 24-bit DIB (device-independent bit map). By 
mapping the entire VRAM into the system-address space, 
the QVision 1280/E saves time that would otherwise be spent 
paging memory over other designs. 

For the best general-purpose alternatives to the QVision 
1280/E, look to the ISA cards we've ranked. At $199, the 
Paradise/Western Digital Accelerator 24 offers good value 
as a low-cost general-purpose card for EISA systems. The 
Hercules Graphite Pro HG310 and the Volante Warp20-2 are 
nearly twins. Both are ISA boards based on IIT AGX accel- 
erators and provide 1 or 2 MB of VRAM at similar prices. 

Both of these boards are also competitive choices for the 
best direct-color and CAD/CAM boards. (Their maximum 2 
MB of memory is not enough for serious color publishing 
applications, however.) We give a slight edge to the Graphite 
Pro HG310 here because of its broad range of support op- 
tions, the strength of its bundled utilities, and its better per- 
formance. 

The Appian Renegade 1280 was our choice for 64,000 col- 
ors on VL-Bus and ISA, and EISA is no exception. The 8-bit 
drivers for the ISA-based Renegade 1280 are uninspired; dis- 
playing a 24-bit DIB takes a whopping 22 seconds in 1024 by 


162 BYTE/NSTL LAB REPORT FEBRUARY 1994 


How Bus Architecture Affects Graphics 
The effect of the different buses on graphics performance is mod- 
est when using typical business applications. Our tests showed 
similar performance among boards for various bus architec- 
tures at 256- and 64,000-color resolutions. This changes, how- 
ever, at 16-million-color resolutions, where the VL-Bus demon- 
strates at least a 25 percent improvement. 

Applications usually draw an Image directly into video mem- 
ory. The amount of data that's required to pass through the 
bus at any given time for this operation is well within the band- 
width of the 16-bit ISA bus. However, some applications will: 
draw an image outside of video memory as well and then trans: 
fer that image into video memory when necessary. This re- 
quires large blocks of data to pass through the bus, and the 
more advanced buses have an advantage over ISA. 


ISA : 
Market forces made the original bus for the IBM PC a de facto stan- 


. dard. The performance of graphics adapters in ап ISA bus Is still ac- 


ceptable, even compared to the more advanced bus technologies. How- 
ever, in applications where extensive raw pixel copying from system. 


` memory to video memory is required, the ISA bus just can't keep up 


with VL-Bus or EISA. 
Users with ISA systems that contain more than 12 MB of memory find that - 
many of the new ISA graphics adapters either won't run or perform 
miserably. Since the video memory won't fit cleanly into the 16-MB lim- 
it, the board will fail or the driver has to perform acrobatics to access the 
memory. 


EISA 


ISA adapters can work in an EISA system; however, EISA-specific adapters 

can take advantage of the 32-bit address and data capabilities as well . 
as the 33-MHz operating speed of that bus. Sharing interrupts and DMA 
channels, bus mastering, and other features make the EISA (and Micro 
Channel as well) superior to the ISA bus in performance and abilities. Con- 
sequently, true 32-bit EISA graphics adapters will demonstrate marked 
performance gains over ISA in pixel copies from system to video memory. 


VL-Bus 
VESA designed its loca-bus specification for the 32-bit Intel 486 proces- 
sor, Consequently, a VL-Bus on a non-486-processor-based system сал- 
not reside directly on the local bus. Instead, it uses a separate layer of 


hardware that converts the non-486 local bus to the VESA specifica- 


tion, This. layered implementation Is very similar to. that of the PCI bus. : 


` The biggest limitation of the VL-Bus is loading. Adding peripherals. to 


the bus causes signal degradation. The faster the bus, the fewer the num 
ber of peripherals that will operate reliably. In application, the VL-Bus will 
support up to three peripherals running at 33 MHz. 


PCI 
To avoid the processor dependency of the local bus, Intel developed 
the PC! (Peripheral Component Interconnect) specification, a bus dè 
sign that Interfaces to any local bus. It uses a hardware layer that isolates. 
the PCI from the CPU local bus and operates at 33 MHz instead of the 
speed of the processor, The processor's independence also allows PCI 
adapters to operate in non-Inte-processor systems that have the PCI bus. - 
PCI provides specifications for 32- and 64-bit interfaces, which should 
meet performance demands through the end of the century. Another 
feature of the PCI specification is the self-configuration of installed prod- 
ucts, which gives users the benefit of plug-and-play. Although PCI is still. 
in its infancy (as demonstrated in our tests), a committee consisting 
of about 200 companies, including Apple, is clearly driving the PCI stan- 
dard forward. i 


Automatic Novell, EtherTalk and 


Pacific DirectNet TCP/IP switching on LaserJet 4 


was designed to make 
life on a network easier. 
It's fast. It's easy to use. 
And, unlike JetDirect 
from Hewlett-Packard, it 
can adapt to whatever 
network protocol comes 
its way. Automatically. 
The board connects 
to any Ethernet net- 
work, supporting Novell 
NetWare, UNIX TCP/IP, 
and EtherTalk operating 
systems. With automat- 
ic switching, users won't 


Support of standard UNIX printing 
and file protocols for broad cross 
platform support 


Fast ond easy UNIX setup — 
simply enter ІР address 


Novell /UNIX/EtherTalk list price 


LJ4 PostScript Language 
Emulation SIMM 


be troubled by having {NE €asieSt Wav (0 


to switch protocols at 
the printer front panel. 

Because it supports standard UNIX printing and file 
transfer protocols, setup in UNIX is a breeze. Расїйс 
DirectNet connects to virtually all UNIX TCP/IP networks 
WELT Sun, HP, IBM, DEC, SCO, Solaris, and Interactive 
UNIX. And it also contains an SNMP agent that 
allows network management software to recog- 
nize and manage printers like it does other 
network devices. 

Pacific DirectNet offers support for an 
unlimited number of file servers and queues, as well as for 
multiple, simultaneous PSERVER and RPRINTER connec- 
tions on Novell networks. This way users are provided 
greater flexibility to select any printer on the LAN. 


. proved 


ill 


* PoaScript ЧУМ à пед with the MIO veran of 


And because we've 
incorporated Flash 
memory onto each 
card, Pacific DirectNet 
can be updated to add 
support for new net- 
work operating systems 
or to upgrade features 
for an existing one. 

Pacific DirectNet is 
compatible with the 
Hewlett-Packard 
Laserjet? Ш, IHD, IIISi, 
4, 4M, 45і, 451 MX, 

3) Peintjet^ XL300, 
DeskJet? 1200C, and 
12ге a Laset et Designjet?. It comes 
anton М à with a lifetime warran- 
ي‎ SEn ty, 60-day money back 
guarantee of satisfaction, and free technical support. And, 
for a limited time, the Novell/UNIX/EtherTalk board comes 
with PostScript® emulation — all for the standard low price 
of $599! Or, if you only need Novell NetWare support now, 
start with our Novell version for E 
only $399 (HP price $499), and 
upgrade later. 

For more information on | 
Pacific DirectNet, a dealer near you, ^ 
or to order direct from Pacific Data # 


Products, call us at С T DATA 


санаса ыы егі a н m E жалғы 


— nanc" La жола ЖЕШНДЕ г ы ғ 


$599 
included” 


EU 


$499 
$499 
_ 


не. селк а: 


(619) 625-367І, е ААА 
FAX (619) 552-0889. 


Pair (месі саду Pricer effective 91,93 Үкіс Data Products, lec, 9125 Behco М, San Depa, СА 92121. 1a Eure, call YS) 61 475608. Pacific ПегсіМеі w з trademark сі Расе Газ Products, fec. ЯҒ, Гис, Leere, Puerjet, Deskjet, 
and Dengnket ate regivered brademarks of edes. Faclard Co Veit x Ware эл tegere Репо њи of Novel eei ب ا‎ ы 
marks oc түлете trademarks of their respec 


гс. Бұхта pet û а registered badenak of Phoenix Телтой ез Lid АП other bends end pexdurt rames are trde- 
respective mictuser, © 1994 Pact: Dara Радост, lac 


M SONY 
vae p ن‎ 


KL. 
= aims | 


Don’t waste precious time. Use Sony QD2120 formatted QIC-80 data cartridges. The perfect shortcut for your QIC-80 
drive” Saving you up to two hours of formatting time for more productive pursuits. 


Like backing up your critical data. To keep your PC system running on schedule, 


take the quick route. For more data, just call 201-476-8199. SON Y. 


© 1993 Sony Electronics inc. Sory snd Oniy On Sony are trademarks of болу Reproduction 21 whole or in par without wriien permission i& prohibited. АЛ nights reserved. *CIC-BO dives from Colorado Memory Systems, Connes Peripherals, lornega, Summit Memory Syssems and Матей 
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768 resolution, and 37 seconds 
in 1280 by 1024 resolution. 
The 16-bit (64,000 colors) driv- 
ers, however, are a master- 
piece, displaying the same 24- 
bit DIB in only four-tenths of a 
second. The Renegade 1280 
ISA was one of the few adapt- 
ers that were faster using 
64,000 colors than they were 
using 256 colors. The Rene- 
gade 1280 uses Appian’s own 
accelerator technology. 

A more polished, though 
somewhat slower, board is the 
ATI Graphics Ultra Pro EISA. 
Like the Renegade 1280 ISA, 
the Graphics Ultra Pro shines 
its brightest using 16-bit, direct 
color. The Graphics Ultra Pro 
could not match the Renegade 
1 280's overall speed, but it was 
significantly faster at Blting 
(і.е., making raw pixel copies 
from memory to screen): 3.5 
million pixels per second for 
the Graphics Ultra Pro, com- 
pared to 2.5 million pixels per 
second for the Renegade 1280. 
(An EISA version of the Rene- 
gade 1280 would probably be 
faster, however.) 

Biting performance is the 
all-important parameter for 
multimedia applications and 
image-editing applications. 
Considering ATI’s advanced 
support for Video for Win- 
dows, the Graphics Ultra Pro 
looks like a natural for people 
with a special interest in multi- 
media. The Graphics Ultra Pro 
is based on ATI's own Mach 
32 accelerator. 

The main alternative to the 
QVision 1280/E for CAD/ 
CAM applications is the Sig- 
ma WinMach 1600. The Win- 
Mach 1600 is our CAD/CAM 
choice for ISA systems, but it 
can't match the speed of the 
QVision 1280/E on EISA sys- 
tems. (S3 has an improved 
driver in the works, but it was 
in beta at the time of our tests.) 
The WinMach 1600 offers the 
added enticement of hardware 
panning, a 1600- by 1200-pix- 
el desktop, and a strong pack- 
age of special imaging utilities. 


KEY 
Ease of Use: 
Excellent AAAA Fair AA 
Good AAA Poor A 


BYTE 


Need to speed business applications? 


BEST 


| EISA-BUS GRAPHICS ACCELERATORS | 


et tN ЕШ I е5 - Compaq QVision 1280/E 


This accelerator was the equal of better-known designs and fast enough 
to be on a par with VL-Bus video accelerators. Like all non-VL-Bus boards, 
the QVision 1280/E has relatively poor pixel-copy speeds, but its speed 
in displaying text and complex graphics is among the fastest of any board. 


ӨЛЕ 
Баса 


SPEED EASE OF PRICE AS RAMAS ACCELERATOR STANDARD DRIVERS 

(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS 31 UNDC 
BEST Compaq QVision 1280E 0.641 AAA $599 2MB Proprietary v wv v v 
RUNNER-UP Paradise/W D Accelerator 24 0.733 АА $199 1 MB WD90C31 v wv v 
RUNNER-UP Hercules Graphite Pro HG310 0.744 AAA $399 1МВ IIT AGXO15 м wv v 
RUNNER-UP Volante Warp20-2 0766 AAA $499 1MB IIT AGX-14/15 v wv v v 
RUNNER-UP ATI Graphics Ultra Pro EISA 0.859 AAA $549 15MB ATI Mach 32 и wv v v 


EISA leaders in 64,000 colors 


>) i i җәл mete) Ke): Appian Renegade 1280 ISA 


Although we tested the ISA version of the board here, the Renegade 1280 was 17 percent 
faster than the second-place ATI Graphics Uitra Pro EISA. The Renegade 1280 is not without 
warts: It is one of the few cards that requires a driver to be loaded during the DOS boot. 


SPEED EASE OF PRICE AS RAM AS ACCELERATOR STANDARD DRIVERS 
(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS 3. UNDC 
BEST Appian Renegade 1280 ISA 0.669 AAA $490 2 МВ Appian AGC98032 и и v v 
RUNNER-UP ATI Graphics Ultra Pro EISA 0.769 AAA $549 2 МВ ATI Mach 32 ы” м v v 
RUNNER-UP Compaq QVision 1280/Е 0.859 AAA $599 2 МВ Proprietary v v v v 
RUNNER-UP Nth Graphics Nth Edge 1280 0.787 AAA $995 2 МВ Chips 8 Technologies 481/ v 
RUNNER-UP Sigma Designs WinMach 1600 0.832 AAA $995 2MB S386C928 v wv 


Want the best for true-color work? 


DESKTOP PUBLISHING SuperMac Spectrum/24 EISA 


SPEED  EASEOF — PRICEAS RAMAS ACCELERATOR STANDARD DRIVERS 
(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD 05/2 WINDOWS 31 UNIX 

BEST | SuperMacSpectrum24EISA 1.058 AA $999 3MB Proprietary v 

RUNNER-UP Raster Ops PaintBoard PC 1963 ААА $999 3MB S386C924 v v 

RUNNER-UP Number Nine #9GXE 2.700 AAA $895 4MB S386C928 и v 


For high resolution and speed... 


— 


The 1280/E's performance puts it in the league of VL-Bus graphics adapters, but its main 
drawback is the 2-MB maximum VRAM, which limits resolution compared to the more 
expensive 3- and 4-MB boards. 


STANDARD DRIVERS 


SPEED EASE OF PRICEAS RAMAS ACCELERATOR 

(SECONDS) USE TESTED TESTED CONTROLLER AUTOCAD (5/2 WINDOWS 31 UNIX 
BEST Compaq QVision 1280/E 0.687 AAA $599 2MB Proprietary v wv v v 
RUNNER-UP Sigma Designs WinMach 1600 0.808 AAA $995 2MB S386C928 v v 
RUNNER-UP Pixelworks WhirlWin-l 0.815 AAA $895 2МВ 5386С928 v v v v 
RUNNER-UP Appian Renegade 1280 ISA 0.8868 ААА $490 2 МВ Appian AGC98032 v v v v 
RUNNER-UP ATi Graphics Ultra Pro EISA 0.948 AAA $549 2MB ATI Mach 32 v v v v 
‘SCO Open Systems’ version of the X Window System. 
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HONORABLE MENTIONS - 


The Colorgraphic Twin Turbo gives not one, but two 
accelerated displays. Two УСА connections support two mon- 
itors: The Windows driver stretches the desktop across both 
monitors so that windows can be dragged seamlessly from one 
monitor to the next as if you had one big monitor. 


There's a variety of ways to tell your software how 
fast your monitor can be refreshed, but the best we've seen is 
the mode-selection utility that's shipped with the Elsa Winner 
adapters. The Winner 1000VL 
board lets you choose the 
refresh rate via a Windows 
control panel and then 
conducts a test to 
make sure your 


choice will work. 
An incorrect 
setting causes 
the screen to 
flash for a few 
seconds and then 
revert to the previous 


Hercules excels at the little touches that differenti- 
ate its products from similarly priced and performing competi- 
tors. One of the company's latest innovations is a utility that 
determines the maximum refresh rate of your monitor. Setting 
your video adapter to use a vertical refresh rate higher than what 
the monitor can accept can cause physical damage to the mon- 
itor. Users can easily configure the Hercules boards for the best 
picture. 


The Appian Renegade 1280 offers top-notch 
Windows performance and, as an added bonus for software 
developers, can run two-screen "hard-mode" Windows de- 
buggers such as 
MultiScope, Soft- 
Ice/W, and Turbo De- 
bugger. Just hook any 
VGA monitor to the 
VGA port and connect 
your 17- or 21-inch 
monitor to the Renegade 1280's unique IGC port: Your debug- 
ger appears on the VGA screen while Windows gets the high- 
resolution screen. 


It's annoying to find that some display adapters 


for the PC market do not integrate VGA support, 
but the SuperMac Spectrum/24 adapters and 
the Nth Edge 1280 all require you to purchase 
a separate VGA adapter with a feature 
connector and connect the two adapters via a 
pass-through cable. This is no fun to install, 
<1 and the VGA card takes up its own slot. 


setting, allowing you to try The Appian Renegade 1280 adapters are among the few that actually 
another selection. Other require you to read the manual to install them. The back plate of each Renegade 
products force you to restart 1280 card has two connectors, labeled “УСА” and “СС.” Connecting the 
Windows, making it difficult monitor to the УСА connector allows the machine to boot and run in УСА 

to reset your video settings mode, but the monitor goes totally black when you start Windows. To use both 


using the control panel if 
you've made an incorrect 
selection. 


DOS and Windows, you must connect the monitor to the IGC connector instead 
(the manual sheds no light on the meaning of /GC). Once you're able to get the 

board up and running, however, we find the IGC connector to be of great value 

(see Honorable Mentions). 
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Introducing 
Audio/VideoBlender.. 


twice the blast, half the slots. 


Now, for the first time, you can get 
single-frame and full-motion video cap- 
ture with 16-bit audio on a single board! 

AIlechs new Audio/VideoBlender 
provides this double blast in one. Receive 
the same high-quality sound of the 
leading audio board. Plus full-motion 
video capture. АЙ on one board! 

Audio/VideoBlender eliminates the 
need for a separate audio card for captur- 
ing, digitizing and playing back video 
and sound. Saving an expansion slot. 
And, the additional cost of purchasing 
individual video and audio boards. 

With one integrated audio/video 
board, compatibility issues also decrease. 
Spend time on producing videos rather 


than configuring audio and video boards. 


So, with Audio/VideoBlender, create 


Audio/VideoBlender 


VideoSurge 


V 1 s f o n 


for 


and edit videos for business and home 
presentations with not only full-motion 
video, but 16-bit PC audio. Display color 
resolutions of 16-bit (64K) colors, 15-bit 
(32K) colors or 256 colors are available. 
Plus, connectors for NTSC or PAL 
signals. Conversion from the AlTech 
format to various video capture formats 
including Microsoft AVI and Intel Indeo 
is also provided. 

For increased sound impact, 
Audio/VideoBlender offers 16-bit digital 
recording with stereo line-in and micro- 
phone input. Up to two simultaneous 
audio source inputs with software 
selection control for microphone input 
or audio line-in are also available. 

If audio functions aren't a requirement, 
AlTech offers the VideoBlender. All the 
WaveWatcherTY audioSHOW 


any 
„Ф, 7 


Mu 1 


features of the Audio/VideoBlender are 
offered except built-in audio. 

AlTech can assist you with other desk- 
top video needs too. We offer a complete 
line of fully compatible DTV products, 
including integrated audio/video output, 
compression and genlock/overlay 
products, and audio/video encoders. 

For a double blast in one, or informa- 
tion on our other products, contact your 
local dealer or call us at 1-800-882-8184 
or 1-510-226-8960, or fax 1-510-226-8996. 


АПесһ International, 47971 Fremont Bivd., 
Fremont, CA 94538 


gamePlayerTY 


ProPC/TV Plus 


d sd a 


i т т e 


© AlTech Intemational, 1993. Audia/VideoBlander, VideoBlendar, VideoSurge, WaveWatcherTV, audioSHOW, gamePlayarTV and ProPC/TV Plus are trademarks o! AlTech Intemational, 
All other trademarks are the property of thelr respective holdare. Specifications are subject to change without notice. 
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ROLL 


( y А 1 a m 


IMAGE-RENDERING TIME (AVERAGE, ІК SECONDS)" 


OF ACCELERATORS 


1024x768; 1024x768; 1024x768; 1280x1024; PRICE RAM BASE MAXIMUM КАМ 
256 64,000 16 MILLION 256 (WITH RAM КІН — RAM RAM ТҮРЕ 
VENDOR MODEL COLORS COLORS COLORS COLORS A$ TESTED) (NB) (MB) (ИВ) 
Actix Systems, Inc. Graphics Engine 32i VL 0.707 0.767 — 0.812 $319 2 2 2 DRAM 
Actix Systems, Inc. ProStar VL 0.958 - - — $179 1 1 2 DRAM 
Actix Systems, Inc. Ultra VL plus/2MB 0.720 -- -- - 5495 2 2 2 VRAM 
Advanced Integration Research AView2V 0.917 1.010 -- 1.165 $250 2 1 2 DRAM 
Alaris, Inc. Tomahawk 0.947 — = — $139 1 1 1 УВАМ 
American Megatrends, Inc. Fastview VLB 0.801 0.888 — 0.952 $385 2.5 15 2.5 VRAM/D 
Appian Technology Renegade 1280 VL Pro 0.708 0.650 — 0.821 $490 2 2 2 УВАМ 
ATI Technologies, Inc. Graphics Ultra Pro VLB 0.785 0.780 — 1.004 $499 2 2 2 VRAM 
Boca Research, Inc. Vortek VRAM Local Bus 0.739 0.931 -- 0.910 5625 2 1 2 VRAM 
Cardinal Technologies VL 0.957 — — — $199 1 1 2 DRAM 
Cardinal Technologies WarpSpeed VL90/2MB 0.749 0.903 -- 0.947 $599 25 1:5 2.5 VRAM/D 
Diamond Computer Systems, Inc. SpeedStar Pro VLB 0.958 - — -- 5179 1 1 1 DRAM 
Diamond Computer Systems, Inc. Stealth Pro VLB 0.799 0.918 - — $449 2 1 2 УНАМ 
Diamond Computer Systems, Inc. Viper VLB 0.667 0.880 = 0.827 $499 2 2 2 VRAM 
Elsa, Inc. Winner 1000 VL 0.958 — — 1.176 $449 2 1 2 VRAM 
Focus Information Systems, Inc. Cheetah XL 5428 0.955 — — -- $179 2 1 2 DRAM 
Focus information Systems, inc. Truespeed/W32 0.698 — — — $169 1 1 1 DRAM 
Focus Information Systems, Inc. Truespeed/W32i 0.695 — = — $229 1 1 2 DRAM 
Genoa Systems Corp. VideoBlitz 0.759 0.886 — 0.959 $549 2 2 2 VRAM 
.., Genoa Systems Corp. WindowsVGA 24 Turbo 8500 VL-28 0.953 -- — - 5229 1 1 2 DRAM 
' Hercules Computer Technology Dynamite VL Pro 0602 0.697 =a = — $299 2 2 2 DRAM 
Hercules Computer Technology Graphite VL Pro HG720 0.683 0.775 — 0.852 $549 2 2 2 УВАМ 
Matrox Electronic Systems MGA Impression/3/V 0.721 0.701 0.779 0.795 $1299 3 3 3 VRAM 
Matrox Electronic Systems MGA Impression/3/V/H 0.768 0.707 0.770 0.811 $1499 3 3 3 VRAM 
Media Vision Pro Graphics 1280 -- — 0.839 — $995 4 4 4 VRAM 
Nth Graphics, Lid. Nth S3 Advantage/VL 0.983 — — -- 5695 1 1 2 DRAM 
Orchid Technology Calsius VLB 0.908 - — — $349 1 1 2 VRAM 
Orchid Technology Fahrenheit VA/VLB 1.068 -- — — $349 1 1 2 DRAM 
Paradise/Western Digital Accelerator VL Plus 0.752 — — — $299 1 1 2 DRAM 
Sigma Designs, Inc. Concorde VLB 0.700 — — — $349 1 1 2 DRAM 
SixGraph Computing, Ltd. Wizard 9000VL 0.758 0.889 — 0.963 $550 2 e 2 VRAM 
STB Systems, Inc. Horizon VL 0.991 - — -— $159 1 1 1 DRAM 
STB Systems, Inc. Pegasus VL 0.828 0.957 1.015 1.004 $849 4 4 4 VRAM 
STB Systems, Inc. PowerGraph VL24 0.830 - -- -- $199 1 1 1 DRAM 
SuperMac Technology Spectrunv24 VL for Windows — — 0.798 — $999 3 3 3 VRAM 
Volante, Inc, Warp10LB 0.975 — = — $399 1 1 2 DRAM 
Appian Technology Renegade 1280 ISA 0.788 0.659 - 0.886 5490 2 2 2 VRAM 
ATI Technologies, Inc. Graphics Ultra Pro ISA 0.781 0.803 — 0.967 $499 2 2 2 VRAM 
Boca Research, Inc. SuperX Accelerator VGA 1.087 - - — $219 1 1 2 DRAM 
Boca Research, Inc. Vortek VRAM Accelerator 0.923 — - — $595 1 1 2 VRAM 
Cardinal Technologies VideoSpectrum XL 0.945 — — — $149 1 1 1 DRAM 
Colorgraphic Communications Twin Turbo Accelerator 1.235 — - 1.616 $1195 2 1 2 VRAM 
Compaq Computer Corp. QVision 1280/1 0.721 0.840 == 0.857 $599 2 2 2 VRAM 
Hercules Computer Technology Graphite Pro HG310 0.744 - -- -- $399 1 1 2 VRAM 
Nth Graphics, Ltd. Nth Edge 1280 0.909 0.787 — 1.145 $995 2 2 2 VRAM 
Number Nine Computer Corp. #9GXE = 1.093 2.700 — $895 4 4 4 УВАМ 
Orchid Technology Fahrenheit VA 1.169 — — — $269 1 1 1 DRAM 
Paradise/Western Digital Accelerator 24 0.733 — — - $199 1 1 1 DRAM 
Paradise/Western Digital Paradise Accelerator Pro 0,832 — - — $349 1 1 2 VRAM 
Pixelworks, Inc. WhirWir/Lite 1.560 = — — $450 1 1 1 VRAM 
Pixetworks, Inc. WhirlWin 1280-VGA = = -- 2.090 $1695 2 2 2 VRAM 
Pixelworks, Inc, WhirlWin-l! 0.807 = 0.815 $895 2 2 2 VRAM 
Raster Ops Corp. PaintBoard PC - - 1.963 — $999 3 3 3 VRAM 
Sigma Designs, Inc. WinMach 1600 0.705 0.832 — 0.808 $985 2 2 2 VRAM 
SixGraph Computing, Ltd. Wizard 924 1.214 — = — $170 1 1 1 VRAM 
STB Systems, inc. Horizon VGA 1.016 - = -- $159 1 1 1 DRAM 
STB Systems, Inc. PowerGraph X-24 0.865 - - - 5199 1 1 1 DRAM 
SuperMac Technology Spectrunv24 ISA for Windows — - 1.288 = $999 3 3 3 VRAM 
Volante, Inc. Warp10+ 1.128 -- — — $299 1 1 1 DRAM 
Volante, Inc. Warp20-2 0.766 = — -- 5499 1 1 2 VRAM 
American Megatrends, Inc. Fastview EISA 1.341 — - — $375 1.5 1.5 2.5 VRAM/DI 
AT! Technologies, Inc. Graphics Ultra Pro EISA 0.859 0.769 — 0.948 $549 2 2 2 VRAM 
Compaq Computer Corp. QVision 1024/E 0.835 1.506 — — $509 1 1 2 VRAM 
© Compaq Computer Corp. | QVision 1280/E 0541 0.859 - 0.687 559 2 2 2 VRAM 
Elsa, Inc. Winner 1000 EISA/ISA' 0.996 — — 1.266 $449 2 1 2 VRAM 
SuperMac Technology Spectrum/24 EISA for Windows — 1.058 — $989 3 3 3 VRAM 
1024x768; 1026768; 1152x870; 1280x1024; PRICE RAM BASE MAXIMUM RAM 
256 64,000 — 16 MILLION — 256 (WITH RAM AS TESTED — RAM RAM TYPE 
VENDOR MODEL COLORS COLORS COLORS COLORS AS TESTED) (MB) (MB) (MB) 
Radius, inc. PrecisionColor 24X — — 1.473 — $2499 3 3 3 VRAM 
Radius, inc. PrecisionColor Pro - = 1.349 -- $2499 3 3 3 VRAM 
Raster Ops Corp. PaintBoard Turbo XL — - 1.858 — $1749 3 3 3 VRAM 
SuperMac Technology Spectrum/24 PDQ Plus — ~ 1.464 ~ $1499 3 3 3 VRAM 
SuperMac Technology Spectrum/24 Series IV — — 1.450* -- 5949 3 3 3 VRAM 
SuperMac Technology Thunder I! = = 1.400 — $3999 6 6 6 VRAM 
SuperMac Technology Thunder Il Light — — 1.444 — $2999 3 3 3 VRAM 
SuperMac T Thunder/24. — - 1.421 — $2599 3 3 3 VRAM 
SuperMac Technology ThunderStorm Pro — — 1.422 — $3199 3 3 3 VRAM 
SuperMac Technology/E-Machines Ultura LX - — 1.430 -- 51299 3 3 3 VRAM 


< = BYTE Best. = yes, ‘Dashes indicate unsupported modes. Blanks indicate modes not supported as noninterlaced. 
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ACCELERATOR 
CONTROLLER 


S3 86C805i 

Cirrus Logic GD5428 

$3 86C928 

$3 86C805 

Cirrus Logic 505426 
Weitek Power 9000 
Appian AGC98032 

ATI Mach 32 

ІТ AGX015 

Cirrus Logic GD5428 
Weitek Power 9000 
Cirrus Logic GD5428 

$3 86C928 

Weitek Power 9000 

53 86C928 

Cirrus Logic GD5428 
Tseng Labs ET4000/W32 
Tseng Labs ET4000/W32i 
Weitek Power 9000 
Cirrus Logic CL5428 
Tseng Labs ET4000/W32i 
IIT AGX015 

Matrox MGA 

Matrox MGA 

Media Vision MVV451 

S3 86C805 

IIT AGX015 

53 86C805c 

WD90C33 

Tseng Labs ET4000/W32i 
Weitek Power 9000 
Cirrus Logic GD5426 

53 86C928 

$3 86C805 

Proprietary 

53 85С805 


Appian AGC98032 
ATI Mach 32 

Cirrus Logic GD5428 
ІП AGX014 

Cirrus Logic (505426 
53 86C928 


Proprietary 

ІТ AGX015 

Chips & Technologies 481 
S3 86С928 

53 B6C801 

WD90C31 

ІТ AGX014 

S3 860924 

Chips & Technologies 481 
53 860928 

S3 86C924 

53 B6C928 

S3 860924 
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(800) 927-5557 
(800) 868-1945 
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(800) 727-7426 
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(214) 234-8750 
(214) 234-8750 
(408) 541-5100 
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(512) 329-5055 


(404) 263-8181 
(905) 882-2600 
(713) 378-8820 
(713) 376-8820 
(415) 615-7799 
(408) 541-6100 


PHONE 


(408) 434-1010 
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Now C++ programmers can discover the 
DBMS power of dBASE, FoxPro & Clipper. 


Not only is the new 
CodeBase++ 5.0 
100% compatible 
же” with the data, index 
and memo files of dBASE®, 
FoxPro* and Clipper*, you also 
get all the important benefits of 
programming in C++. 


You get C++ speed and size. 
Most developers arc familiar with the 
amazing speed and compact size of C and 
С++ programs. Now harness this speed 
for your own database programs. Compare 
the performance with those "executables" 
of dBASE, FoxPro, Clipper (which contain 
imbedded interpreters) to those of similar 
C and C++ programs. Also, be sure to 
compare the size of their EXE's to those 
created with CodeBase++ (which are 

as small as 45K!). 


You get object oriented programs. 


CodeBase-4 5.0 is a С++ class library 
for database management. Now you can 
experience the object oriented productivity 
gains of C++ , together with the power of 
a complete DBMS. 


You get multi-user sharing with 
dBASE, FoxPro and Clipper. 
Now your multi-user С++ programs can 
share data, index and memo files at the 
same time as concurrently running 
FoxPro, Clipper and dBASE programs. 
Turbo-charge critical xBase applications 
sharing data on a network with С++ and 
CodeBase++ with no incompatibilities. 


NEW-You get xBase queries and 
relations with instant results. 
We've added Bit Optimization Query 
Technology to CodeBase++ for stunning 
query performance (BOT is similar to 
FoxPro's Rushmore). Our product analyzes 
your queries using index information, so a 
record is only actually retrieved when it 
belongs in your query solution set. 


With CodeBase++ you can literally query 
a huge 500,000 record data file in less than a 
sccond on a 25MHz 80386! 


You get С++ portability. 

As with C, ANSI C++ is an international 
standard across all hardware platforms. 
This means you can port CodeBase++ 
applications between DOS, Windows, NT, 
OS/2, Unix, and Macintosh-foday. 


The new CodeBase++ is your best C* *solution 
for xBase file access and database management. 


Try OUR 


Circle 139 on Inquiry Card. 


C, Basic AND PASCAL 


©1993 Sequiter Software. Inc. АЯ rights reserved CodeBose++ s a trademark of Sequiter Software inc. VERSIO S! 
All other produc! normas mentioned herein cre trademarks of thok respective companies. 


NEW - You get code generation. 
Save hours of coding time with our auto- 
matic source code generation, containing 
all of the specialized class definitions 
necded to support your data structures. 


j Product Sales Sumy 
Д Meath: Header, Objects: & Height 406 Panty | 
ҮҮ: SA 


Using our visual report writer | 
is easy, simply draw your report, then include it in any 
program vou write. 


PLUS-You get CodeReporter FREE! 
Our visual report writer, CodeReporlter, 
uses the speed of BOT to run reports light- 
ning fast. To test this amazing perform- 
ance yourself, call: 403/437-2410 for 

your free working model. 


CodeBase++ 5.0 


The C++ Class Library for Database Management 


Call Now 
403-437-2410 


Risk-Free 
FREE 90-Day 
CodeReporter Money-Back 
Guarantee 
SEQUITER |15, 00000 
реле А, INC. France %33.20.24,20.14 


РО. Box 575 Newmarket NH 03857-0575 
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Genetic Programming with C+ 


Mutating computer programs can evolve superior methods 
for solving loosely defined problems 


ANDY SINGLETON 


Could a computer create better soft- 
ware than you could? Could 100,000 
computers do the job? Can any purely 
mechanical process match the creative 
power of the human mind? Consider natural evolution. 
You may design a better mousetrap, but evolution, by 
the simple mechanical process of blind trial and error, 
can design a cat. 

This is the challenge of genetic programming (GP for 
short)—to evolve a solution that is as elegant and so- 
phisticated as a cat on the hunt. With an improved un- 
derstanding of evolution and with the power of mas- 
sively parallel computers, this goal is in sight. In this 
article I describe GPQUICK, a simple GP system in C++. 

GP is one application of an important new technology 
known as genetic algorithms (or GAs). GAs 
can evolve a variety of computer-based ob- 
jects and solutions. They are used for opti- 
mization—producing a better route map, 
a more efficient manufacturing schedule, 
or a more cost-effective alloy mixture. They 
can be used for interactive evolution: team- 
work between a person and a machine to 
design pictures, buildings, or machines. | 
And they can provide a superior method & 
of computer learning for speech, vision, fi- 
nancial trading, fault detection, and so on. 


How Does a GA Work? 
A GA is a simple tactic for computer learn- 
ing that is inspired by natural evolution. 
The computer produces a whole popula- 
tion. It then picks the best "individuals" 
and changes them, producing a new popu- 
lation of variations on the best individuals, 
with the hope that some of the new indi- 
viduals will be even better. If this simple 
process is carried on for many generations, p 
the results can be impressive. 
А GA is simple; it is just a form of trial | 
and error, with two elements making it more effective. 
The first is that it tries out variations of only the best in- 
dividuals, making it more likely to be trying something 
good. The second is that it builds a good solution piece- 
wise. It uses crossover (or mating) to combine the good 
parts of one individual with the good parts of another. 
A genetic algorithm consists of three operations: eval- 
uation, selection, and reproduction. Evaluation is the 
process of assigning a fitness score so you can find the 
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best individuals. You need to make a fitness function 
that scores the output from each individual. Next, you 
select the individuals to be used as parents for the next 
generation. Àn automated GA usually picks the individ- 
uals with the highest fitness scores. Last, you reproduce 
those parents with genetic operations to generate new 
and possibly better individuals in the next generation. 

The two main classes of genetic operations are muta- 
tion and crossover. Mutation operates on a single par- 
ent by randomly changing some part of it. For instance, 
a ] might be changed to a 0, a number might be changed 
to another number, or a function might be changed to a 
different function. This operation is analogous to muta- 
tion of genes, in which the code for one amino acid 
changes to the code for a different amino acid. Crossover 
acts by combining parts of two parents. It is analogous to 
mating in biological organisms. 
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How Сап а СА Be Used for Programming? 
If you can define selection, mutation, and crossover op- 
erators, you can use a GA to generate almost anything. GP 
is simply the application of a GA to generate computer 
programs. Numerous computer languages or represen- 
tations have been tried, with varying degrees of success. 
In 1975, John Holland, the inventor of GAs, proposed 
a form of GP known as a classifier system. Classifiers are 
IF... THEN rules, such as “If you fall down, then cover 
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CHROME AND FUNCTION CLASSES 


CLASS 


Chrome 


IMPORTANT DATA STRUCTURES 


// Stack (Instruction) pointer 
int ip; 


// Actual GP code 
node *expr; 


/] Fitness on last eval 
float lastfitness; 


// Array of pointers to Functions from 
// the current Problem 
Function** funclíst; 


// Initialization and evaluation 
// parameters 
ChromeParams* params; 


// Written name 
char name[30]; 


Function 


// Number of arguments. Used to initialize 
// and traverse arquments. 
int argnum; 


// Number of variables in variable table 
// of op code. Used to inítialize node.idx. 
int varnum; 


// Selection frequency relative to other 
// £unctions. Used in initialization, mutation. 
int weight; 


// Pointer to evaluation code. Not a virtual 
// for speed reasons. 
EVALFUNC evalfunc; 


your face." These rules can be represented as strings of 1s and Os. 
For instance, a bit could represent whether you (1) аге or (0) are 
not falling down, and another bit could represent whether or not 
you should cover your face. A GA can evolve these strings by test- 
ing them for effectiveness under a variety of circumstances and 
then reproducing the most effective ones with mutation and 
crossover. 

In 1985, Nicheal Kramer proposed evolving computer pro- 
gram code directly and demonstrated the evolution of simple 
arithmetic expressions. He also proposed a tree representation 
with the special form of crossover used in GPQUICK. 

John Koza demonstrated the evolution of Lisp expressions 
that are actually computer programs in 1987. He started using the 
term genetic programming to describe this process. In 1989 he ap- 
plied for a patent on the use of GP for evolving a wide variety of 
applications. Like many software patents, it is controversial. 
Koza has written a book called Genetic Programming: On the 
Programming of Computers by Means of Natural Selection & 
Genetics (MIT Press, 1992) that details numerous GP expen- 
ments and provides practical advice. 

S-expressions, more commonly known as Lisp expressions, 
have become the mainstream GP representation. Researchers are 
investigating other GP representations, including object struc- 
tures, direct evolution of machine code, and the design of proces- 
sors and machine languages that would be amenable to GP. 
172 
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IMPORTANT MEMBER FUNCTIONS 


// Initialize a new chrome with random 

// "ramped half and half" expression. 

Chrome(ChromeParams* p,CFitness* cf, 
Function** f,retval* с); 


// Eval the expression at ip. 

retval eval() f 
ip++; 
return funclist[FUNCNUM(stack[{ip])]->eval (this); 
) ; 

// Еча1 the whole expression. 

retval evalAll() ; 


// Cross with mate and return a new chrome. 
Chrome* CrossTree(Chrome* mate); 

// Mutate self. 

void Mutate(); 


// Write the expression to a stream. 

void write(int pretty, ostream& ofile = cout); 
// Read and parse an expression 

int Load(istream& istr); 


// Active ingredient 
retval evalí(class Chrome* st) { 
return (evalfunc) (st); 


) 


S-Expressions Make You Lisp 

The form of GP that Koza described and GPQUICK uses gener- 
ates S-expressions. An S-expression consists of a function fol- 
lowed by zero or more arguments. Each argument is in turn also 
ап S-expression. You can represent “2+2” as (ADD 2 2) , and 
“2--3ж5/2” as (ADD 2 (MULTIPLY 3 (DIVIDE52))). 

A function in an expression is called a node. Functions with no 
arguments, such as numeric constants, arc called terminals. All 
functions return some value. Functions can also perform actions, 
otherwise known as side effects. You could have functions like 
(TURN, RIGHT), ( TURN, RIGHT number. of. degrees), 
and so on, which give S-expressions procedural abilities. 

The PROG function can string actions together into a procedural 
program, such as {PROG GO. FORWARD GO. FORWARD TURN . 
RIGHT). If you add conditionals such as (IF condition 
do thisotherwise do that),looping constructs such as 
(WHILE condition do this) ог (FOR count do this), 
and a memory array with (SET e1ement value) and (GET 
element), you have a Turing complete programming language 
that can represent any structured program. 


Achieving Closure 

To do GP, you chop a piece off one program and stick it togeth- 
er with a piece of another program, on the off chance that some- 
thing good may result. If you tried this with one of your C++ 


\ John in MIS told me 
| | the data I needed 
“” : was running on 
"Ж s Y UNIX and I nearly 

| \ panicked. 

Then he said 1 
could access it right 
from my PC and 

I was happy again. 


He calls it XoftWare™ 
I call it ‘UNIX for 


the rest of us?” 


Beet 


"тч With АСЕ» XoftWare" PC X server products, you can work with networked UNIX 


S d е applications right on your PC — pointing and clicking in а famihar Microsoft Windows 
systems, -— pitis UNIX files on local PC printers. Best of all, there's a XoftWare version available to 


meet your needs — whether you're running Microsoft Windows, Windows NT, OS/2 or DOS. 
XoftWare PC X servers offer LAN managers an inexpensive software-based approach to connecting 


mixed platforms corporate-wide. That's open computing! Call (619) 455-8600 to | 
receive our product preview diskette. Fax: (619) 597-6030 ог email: sales@age.com age 


EW cutting and pasting text and graphics between windows, transferring files between 
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programs, you'd have approximately a 0 percent chance of cre- 
ating a working program. With S-expressions, though, you can rig 
the game so that you have a much higher probability of success. 

You design your functions so that they all return the same ar- 
gument type, usually a floating-point number, and they all accept 
arguments of this type. This situation is called closure. Now you 
can use any expression as an argument for any other expression. 
You can swap a subexpression from one program for a sub- 
expression in another program and always end up with a syn- 
tactically valid program. It might be completely useless, but it will 
never send smoke billowing out from under the CPU. 


Crossover | 

GPQUICK uses subtree crossover. First you select two parents. 
Then you pick a node, any node, from the first parent. This node 
is, by definition, the beginning of some complete subexpression. 
If you wrote the expression out as a parse tree, the subexpression 
would be a branch or subtree. You extract this, leaving a hole 
in the program. You then pick a node in the second parent, extract 
the following subexpression, and swap it with the first sub- 
expression. 

For example, I could cross (ADD 2 (MULTIPLY 3 (DI- 
VIDE 5 2))) with (ADD (MULTIPLY 7 11) 23). In the first 
parent, I pick the fourth node, 3. In the second parent, I pick the 
second node, or (MULTIPLY 7 11).Swapping, I end up with 
(ADD 2 (MULTIPLY (MULTIPLY 7 11) (DIVIDE52))). 


Mutation 
Any random change to a program qualifies as a mutation. There 
are many types of changes that you can make to an S-expres- 
sion and still end up with a syntactically valid program. For sim- 
plicity, I have included in GPQUICK one type of mutation that 
picks a random function and changes it to a different function with 
the same number of arguments. 

Applying this mutation to (ADD 2 (MULTIPLY 3 (DIVIDE 
5 2)) ), І select the third node, MULTI PLY, for mutation. I can 


POP AND PROBLEM CLASSES 


change it to any two-argument function. I select ADD at random, 
ending up with (ADD 2 (ADD 3 (DIVIDE 5 2) )). To mutate | 
a terminal, you would substitute another terminal. 


The GP Code and the Incredible Shrinking Interpreter 
GPQUICK uses a representation for the GP code called linear pre- 
fix jump table, which was suggested to me by Mike Keith. Pro- 
grams coded this way are small and evaluate quickly. When you 
evaluate populations of several thousand programs, size and 
speed are very important. 

The GP code is an array of 2-byte structures of type node, de- 
fined by the following: 


typedef struct { 
unsigned char op; 
unsigned char idx; 
} node; // node type 


Structure member op (for op code) is a function number. The idx 
is an immediate operand that can represent a table or a constant 
index. The GP code is stored in an object called a Chrome, short 
for chromosome. 

In GPQUICK, functions are represented by objects of class 
Function. All the functions are stored in the array func- 
array and given an array index. You could install the func- 
tions NUMBER (to return numeric constants), ADD, SUBTRACT, 
MULTIPLY, and DIVIDE as functions O, 1, 2, 3, and 4. Function 
NUMBER uses thc idx to determine which number to return. 
Other functions do not use idx and leave a zero value. 

The expression (ADD 2 (MULTIPLY 3 (DIVIDE 5 2))) 
would be represented in our GP machine language as { (1, 0) 
(0,2) (3,0) 10,3) (4,0) (0,5) (0,2) }, where the 
first element (1,0) is an ADD (op code 1) node, and the second 
(0,2) isa NUMBER (op code 0) node returning the value 2. 

Our Chrome method to evaluate the function at position ip in 
the code stack looks like this: continued 


CLASS 


Pop 


Problem 
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IMPORTANT DATA STRUCTURES 


// Allocated array holding the 
// actual chromes 
Chrome** pop; 


// The current Problem 
Problem* probiem; 


// Number of Chromes 
UINT popsize; 


/f Number of individuals 
// generated so far 
long gencount; 


/) Index of current best Chrome 
int BestMember; 


// Array of primitive funcrions 
Function** funclist; 
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IMPORTANT MEMBER FUNCTIONS 


// Set up а population for a particular problem. 
Pop(Problem* prob,ChromeParams* par, UINT size ); 


// Generate a new chrome. Return its fitness. Generate untíl 
// reaching time max time, evaluating maxevals individuals, 
// or reaching maxfitness. 

virtual Chrome* generate(); 


virtual Сңгопе” go untíl(time t max, time, 
long maxevais, float maxfitness): 


// Install the primitives and initialize the 
// evaluation environment. 
Probiem(); 


// Add a Function to the funclist. 
void AddF(Function* f); 


// Pure virtual fitness function. It should evaluate the chrome 
// in an appropriate environment and return a fitness value. 
virtual float Fitness(Chrome* chrome); 


“МЕЕТ 


You've heard of Ann Landers, Dr. Ruth and numerous others who give advice. Their columns are | 
read by millions of people seeking solutions to their problems. It’s only human! But what do 
computers do when they need help? 


Ann Landers’ advice isn't worth two bits to a computer. At least, that’s what Angus tells us. He's 
our very entrepreneurial computer at ANGOSS Software and he's chock full of A.I. Angus has been 
(dare we say) networking. His computer pals tell him they need the kind of advice only he can give. 
After all, their Humans have their nodes to the grindstone every day and offer little in the way of 
thanks. So these boxes need a counsellor to sympathize with them and provide solutions straight 
from the Motherboard, so to speak. 


As a result, coming soon to this space is the world's first Computer Advice Column “AS ANGUS". 
We're not totally convinced, but Angus complains we're always dumping on him so we're going to 
give him a chance. He says he'll dazzle those disk drives with his sage advice on practical software 
solutions for the 90's like... 


4 ANGOSS SmartWare COMBINING APPLICATION DEVELOPMENT WITH INTEGRATED OFFICE AUTOMATION 


А ANGOSS RAD, THE REVOLUTIONARY RAPID APPLICATION DEVELOPMENT SYSTEM THAT ACCELERATES YOUR 
PRODUCTIVITY AND ENHANCES YOUR CREATIVITY 


A ANGOSS KnowledgeSEEKER [08 PRACTICAL, AUTOMATIC ANALYSIS AND DECISION-MAKING 
А ANGOSS VOICE ENABLING YOU TO OPERATE YOUR COMPUTER WITH SIMPLE SPOKEN WORDS 


We have to admit, Angus knows his stuff. And yes, we'll acknowledge that his advice can boost 
your computer's productivity plus get you working at a fraction of the time and cost you've spent 
before. So who knows, maybe he's on to something? 


ANGOSS" 


SEE FOR YOURSELF. WATCH THIS SPACE FOR AL ANGAS... COMING SOON. 


Software 
ANGOSS ШЕГИ Available on DDS/LAN and numerous UNIX platforms. The Shape of 


North America: Tel 416 593 1122 * Fax 416 593 5077 @ United Kingdom: Tel 011 44 483 452 303¢ Fax 011 44 483 453 303 © Germany: Tel 011 4989613 81250 * Fax 011 4989 613 81259 Things to Come 
Circle 275 on Inquiry Card. 


[ИШ Some Assembly Required 


ip++;return funclist[expr[ip].op]-- 
eval (this); 


This calls the appropriate Funct ion eval method. The Func- 
tion eval method calls the Chrome eval method recur- 
sively to get its arguments, The eval method for function ADD 
is as follows: 


return chrome->eval() + chrome->eval(); 

The eval method for function NUMBER is 

return chrome->expr[ip] .idx; 

That's all there is to the interpreter. Add functions to suit your taste. 


GPQUICK Architecture 

The object-oriented architecture of GPQUICK is divided into 
three pieces: the Chrome and Function classes, which are 
the underlying program representation; the Problem class, 
which holds the objectives, functions, and data necessary to de- 
fine and solve a particular GP task; and the Pop (short for pop- 
ulation) class, which holds a population of Chromes and runs a 
GA on them, calling the fitness function in the Problem 
to do an evaluation. This three-part architecture has worked well 
for me in a variety of applications. 

Obviously, there is a tremendous variety of potential Prob- 
lems. Also, many different kinds of GAs can be associated with 
subclasses of Pop, each with different methods of selection, a dif- 
ferent mix of genetic operations, and a different topology for the 
population (e.g., single, parallel, or distributed processors). As long 
as they share the same Chrome representation, most Prob- 
lems can run with most Pops and GAs, 

The Chrome class is the carrier of a genetic program. A 
Function object carries information that the Chrome needs for 
initializing, displaying, and evaluating expressions that contain that 
function. Many functions, such as the arithmetic functions, are 
problem-independent; however, some functions, such as data 
terminals, require the data structures and evaluation environ- 
ment of a particular problem. The table *Chrome and Function 
Classes" lists important data structures and member functions. 

Pop carries an array of Chromes, evaluates them with the fit- 
ness function provided in the current Problem, and performs a 
GA to generate new and better Chromes. Pop uses a steady-state 
GA, generating one new Chrome and replacing one old one at a 
time, as opposed to making a whole new batch as a generation. 

The generate method is the agent that selects one or more 
parents and applies mutation or crossover. This virtual method 
could be replaced by code with different strategies for selection, 
reproduction, or interaction with parallel populations. (The im- 
portant data structures and member functions are listed in the 
table "Pop and Problem Classes.") 

To do GP, you must have a fitness function that defines the 
problem and a set of primitive operations sufficient for solving 
it. Any implementation of GPQUICK must have a subclass of 
Problem that includes the appropriate fitness function and prim- 
itive functions. 

Most programs need to be evaluated in a particular context. If 
you're trying to evolve a program that can navigate a maze, you 
need to define the maze. Setting up the environment should be 
done in the Problem constructor and at the beginning of the 
fitness function. 
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15 SSRProb Useful? 

The default problem for GPQUICK attempts to evolve an arith- 
metic formula matching John* (George-Paul)+2.5* 
Ringo. This sort of problem is known as symbolic regression. 
Using symbolic regression to discover a function that you al- 
ready know is not useful, but you can modify SSRProb to learn 
prediction and classification from real-world examples. This is 
called genetic induction, and it has several advantages compared 
to competing statistical or neural techniques. 

To do genetic induction, set up a training database that in- 
cludes the value you want to predict and fields for each of the in- 
put variables in your model. Load the training database into a 
memory array. Add a static variable for the current record num- 
ber. Add terminals that return the input field values for the cur- 
rent record. In the fitness function, evaluate for a set of random- 
ly chosen records, and calculate the error compared to the desired 
value. The resulting expression will hopefully return accurate 
values for new input examples. I use a souped-up version of ge- 
netic induction to evolve traders and list selectors. 


The Future of GP 
GPQUICK can produce arithmetic expressions, but it will never 
produce an operating system. Its successors may. 

The trend to use more and faster processors will increase GP 
capabilities. GP consumes huge amounts of processor time eval- 
uating millions of candidate programs. As the programs’ behav- 
ior becomes more sophisticated, time spent on evaluation rises. 

Fortunately, GP is ideally suited to massively parallel comput- 
ers of almost any design. Just as evolution can proceed among a 
population that is spread out over a continent, so GP can pro- 
ceed with populations that are distributed among a multitude of 
processors, with good individuals traveling occasionally from 
one processing neighborhood to the next for interbreeding. The 
Creation Mechanics GP toolkit supports desktop supercomputing, 
which links a network of PCs into a population for parallel pro- 
cessing. GP may well become a core application for the next 
generation of parallel computers. 

As understanding of evolution and the mechanics of creation 
improves, so will GA effectiveness. We are working to understand 
specific problems; a basic problem concerns finding the right 
fitness function and environment for rapid evolution. We are 
also investigating the evolution of evolvability—finding the 
types of structures that respond well to mutation and crossover. 
Perhaps the most important question concerns modularity and 
hierarchy: how to build up the organs and cells, subroutines and 
data structures, of a genetic program. 

Knowledge of the design of genetic algorithms is improving 
rapidly. Ultimately, we will be able to deploy an even more ef- 
fective weapon—continuous, evolutionary improvement in the 
creative mechanism itself. We will build GP systems that can 
evolve a better version of themselves. This will quickly and dra- 
matically extend GP capacity in ways that we cannot predict. 
We will have to call this thing by another name: artificial life. Ш 


Editor’s note: The source code and executable files (for MS- 
DOS or Microsoft Windows) are available electronically. See 
page 5 for details. 


Andy Singleton is president of Creation Mechanics, Inc. (Dublin, NH), a 
software development company specializing in genetic programming for fi- 
nancial analysis. He can be reached on BIX c/o “editors” or on the Internet 
at p00396@ psilink.com. 


Inside the PCI Local Bus 


This new PC bus offers an industry standard, high throughput, 


and room for future growth 


GUY W. KENDALL 


The expansion bus in most of today’s 
PCs is based on a design that’s over a 
decade old. However, this 16-bit IBM 

қ АТ bus—now called the ISA bus— 
was built t to accommodate devices that are considered 
slow by modem standards. Today’s multitasking oper- 
ating systems and feature-rich applications require not 
only faster processors but better throughput to system 
peripherals, such as the hard drive and display hardware. 
The ancient ISA bus has thus become a bottleneck that 
chokes system performance. 

The fastest bus іп a computer system is the local bus, 
which comes out of the microprocessor. Thus, the sim- 
plest way for designers to meet the throughput require- 
ments of ISA-bus-based PCs has been to interface fast pe- 
ripherals directly to the processor. Computers have been 
built with graphics chips or other periph- 
erals built onto the motherboard and tied 
directly to the processor's local bus. 

While this approach achieved the desired 
high throughput, it had two distinct disad- 
vantages. First, PC vendors got caught in 
what is called the "processor treadmill": 
Because the components are so intimately 
tied to the processor bus, a PC's entire I/O 
subsystem has to be redesigned every time 
a faster processor becomes available. Sec- 
ond, users, who were stuck with having the 
peripherals on the motherboard, became 
unhappy when the fast-paced graphics mar- 
ket made the graphics controllers on their 
motherboards obsolete. 

The solution was to have the graphics 
controller reside on expansion boards to 
make upgrading an easy task. This in turn 
drove each motherboard vendor to create 
its own proprietary way to connect expan- 
sion boards to the processor's local bus. 
This solution provided both upgradability 
and expandability. Unfortunately, this strat- 
egy also required users to buy new periph- 
erals from the original motherboard supplier. De facto 
standards started to emerge, but there was enough chaos 
in the industry to warrant a true standard. 


A Standard Local Bus 

The PCI (Peripheral Component Interconnect) local bus 
is a high-performance connection between motherboard 
components and expansion boards. It was first proposed 
at an Intel Technical Forum in December 1991, and the 
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first version of the specification was released in June 
1992. The PCI Steering Committee members who de- 
veloped the initial version of the specification were Com- 
paq, DEC, IBM, Intel, and NCR. In June 1992, PCI be- 
came an open industry standard controlled by the newly 
formed PCI SIG (PCI Special Interest Group). In April 
1993, revision 2.0 of the PCI specification was released. 

Vendor support for the PCI standard has been wide- 
spread. Apple has announced that it will support the PCI 
bus in a future version of its PowerPC RISC Macintosh. 
(Note that first-generation PowerPC Macs will use the 
NuBus to support existing NuBus peripheral boards.) 
DEC intends to support PCI in its Alpha-based systems, 
and the company's high-speed DECchip 210066 RISC 
processor implements a PCI interface on the chip itself. 
This kind of support, in addition to that from many ven- 
dors of 80x86-based systems, paves the way for PCI to 
become a universally accepted component interconnect 


and expansion-bus standard. 

The motivation for PCI was the fact that PC I/O ar- 
chitecture was so slow in relation to the processor that fur- 
ther improvements in processor technology would not 
have produced any noticeable improvements in overall 
system performance. PCI removes systems designers 
from the processor treadmill by isolating the I/O sub- 
system from the processor/memory/cache subsystem. 

A fundamental part of a PCI design is the PCI-to-host 
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. PCI Interface Signals 
Required pins 


Address 
and data 
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Interface device 


control 


Error 


reporting 
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Arbitration { 
(masters only) 


System { 


PCI pins and signals. The required pins are signals that are needed to implement а PCI bus. The 
optional pins help implement a 64-bit bus, exclusive memory access (the LOCK signal), and cache 


support. 


bridge chip that connects the PCI bus to the processor’s local 
bus. PCI peripherals are then connected directly to the PCI bus. 
Once a host bridge chip is available, a new processor has access 
to all available PCI components. This allows the PC] bus standard 
to be processor independent. 

When a new processor becomes available, only the PCI-to- 
host bridge chip needs to be replaced; the rest of the system 
remains unchanged. PCI is a component- and board-level bus; 
other I/O buses, such as a SCSI bus, can be included in a PCI sys- 
tem with a controller chip or a board that interfaces to the PCI bus. 
Designers of I/O components such as graphics, SCSI, or LAN 
controllers can now concentrate on improving the per- 
formance of their products instead of continually re- 
designing their products for different processor speeds 
and bus types. 

Although processors are quickly moving past 33- 
MHz operation, the PCI bus is defined to operate only 
up to 33 MHz. The processor speed can be faster than 
the PCI bus speed, however, because the host-to-PCI 
bridge isolates the processor bus from the PCI bus. The 
bridge chip can contain buffering to enhance perfor- 
mance and bus utilization. This is especially useful 
when using a processor, such as the 486, that doesn't 
support burst writes. Since the PCI bus does support 
burst writes, the host bridge can buffer a nonburst write 
from the processor and present it to the PCI bus as a 
burst write. A bridge might contain other system-sup- 
port logic, such as for a cache controller or for han- 
dling the PCI bus's centralized arbitration mechanism. 


Optional pins 


5-V board 
VO buffers powered on 


These expansion buses are added to a PCI 
system by the inclusion of a PC]-to-expan- 
sion bus bridge chip. The standard expan- 
sion buses (e.g., ISA, EISA, Micro Chan- 
nel, and NuBus) are lower in performance, 
but they provide for maximum system ex- 


64-bit pandability for less-demanding peripherals. 
extension 
а РСІ Bus Design 


The design goals of the PCI bus standard 
were threefold. First, it would produce a 
low-cost, high-performance local-bus inter- 
face. Second, it would provide automatic 
configuration of components and add-in 
boards. Finally, the design would have the 
versatility to support future generations of 
peripherals. 

The cost and size of connectors, chips, 
and motherboard traces increase as the num- 
ber of pins needed to implement a bus in- 
creases. The PCI standard reduces costs by 
using a multiplexed address and data bus 
that reduces the pin count and size of the 
components. A PCI target (which is defined 
later) can be implemented with only 47 pins, 
and a PCI master can be implemented with 
only 49 pins. 

Despite the small number of lines, this 
setup can manage bus addressing, data trans- 
fer, arbitration logic, and interface control. 
The figure “PCI Interface Signals” lists the 
PCI bus pins, with both the required and optional pins shown. 
Note that the optional pins provide support for a cache and atom- 
ic operations. Other optional pins implement a 64-bit bus, giving 
the PCI standard a growth path for future systems. 

Two sizes of add-in boards are specified: a standard length 
(about 12 inches long) and a short length (about 7 inches long). 
Note that the PCI bus is limited to 10 loads. Chips on the moth- 
erboard take up one load each, and add-in boards in PCI slots 
consume two loads each. For example, if devices on the moth- 
erboard consume four loads, this leaves six loads available, al- 
lowing three PCI slots. Too much loading can cause signals to 
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PCI Board Connectors 
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PCI won't replace the standard expansion buses that A keyed notch on the PCI bourd determines what signal levels it supports. This 
are popular today, but instead it will complement them. allows an easy hardware transition from 5 V to 3.3 V. 
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violate timing specifications, which leads to 
system failures. 

To accommodate the industry's shift from 
5-V signals to 3.3-V signals, PCI also de- 
fines a 3.3-V PCI specification. PCI add-in 
boards and slots are keyed so that 5-V boards 
plug only into corresponding 5-V PCI slots 
and 3-V boards plug only into 3-V slots. 
The PCI SIG is encouraging add-in board 
vendors to design "universal" boards that 
operate at both voltages and can plug into 
either a 5- or a 3.3-V PCI slot (see the figure 
“PCI Board Connectors" on page 178). 

PCI defines three types of address space: 
memory, ГО, and configuration. Configu- 
ration space is a 256-byte area inside each 


PCI BUS COMMAND CODES 


C/BE[3::0] # 


0000 
0001 
0010 
0011 
0100 
0101 


0110 
0111 
1000 


1001 


1010 


1011 


1100 


COMMAND ТҮРЕ 


Interrupt acknowledge 


Special cycle ^ ^ — 


V/O read 


Reserved 


. Resared 


Memory read 


. — Memory write | 


Reserved 


Configuration read 


.. Configuration write | 


Multiple memory read 


prohibit other processors from making use of 
the information. The ROM can contain dif- 
ferent code images that initialize the device 
for different processor architectures. PCI 
provides true plug-and-play; the system takes 
care of hardware configuration automatical- 
ly. A user just plugs in a board, and it works. 


PCI Bus Operation 

A PCI transaction takes place between a mas- 
ter and a target. Master is a term used by the 
PCI standard for a bus master (i.e., a device 
that takes control of the bus and initiates ac- 
cesses, such as a processor or a bus-master- 
ing SCSI controller). Target is a term for a 
slave device (i.e., a device that only responds 


1101. 
1110 
T1 


PCI device that contains information about 
the device. Such information includes the 
type code, which indicates whether the de- 
vice controls a mass-storage unit, a network 
interface, a display, or other hardware. Multifunction devices 
are supported, as long as there is only one physical connection to 
the PCI bus, such as one chip that supports both SCSI and Ether- 
net. The configuration space also contains the PCI control, status, 
and latency timer registers; the location of the device's expansion 
ROM; and the base-address registers. At power-up, the system 
scans the configuration space of all devices on the PCI bus and 
then assigns each device a unique base address and an interrupt 
level. 

А PCI device's expansion ROM contains code to initialize 
the device, or devices. The ROM's contents are arranged in little- 
endian (i.e., Intel) format, but there's nothing in the design to 


Basic PCI Bus Read Operation 
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A read transaction starts with the address phase, wis FRAME# asserted. AD[31::0] driving the address onto 
the bus, апа C/BE# containing a valid PCI bus command. The data phase follows, which сап have any number of 
data transfer and wait cycles. During the data phase, C/BE# indicates what byte lanes are изей. 


22 Dual-address cycle —— 
Memory-read line 
`. Memory write and invalidate 


to accesses, such as memory or a VGA con- 
| troller). 

The PCI bus does all transfers as burst 
reads and writes to optimize performance. 
A normal bus access requires a new address before each data 
transfer, whereas a burst transfer starts with one address and then 
performs multiple data transfers to or from consecutive address 
locations. For PCI, a burst transfer begins with an address phase, 
followed by one or more data phases. This allows one data trans- 
fer to be performed during each clock period. This gives a 33- 
MHz PCI bus a burst transfer rate of 132 MBps on a 32-bit bus 
and 264 MBps on a 64-bit bus. Bursts can be either to the mem- 
ory or to the [/O space. 

PCI burst transfers have an indefinite length, whereas most 
other architectures have a limited, fixed burst length. PCI bursts 
continue until the master or target requests the transfer to end or 
until a higher-priority device 
needs to use the bus. Each PC] 
device has a latency timer 
that defines the longest peri- 
od of time that that device is 
allowed to use the PCI bus. 
This timer is accessed through 
the configuration space and is 
programmed by the processor. 
The processor can optimize 
overall system performance 
by intelligently programming 
the latency timers of al! de- 
vices on the PCI bus. 

The master specifies the 
type of burst transaction by 
using bus commands. These 
commands are issued by driv- 
ing the command/byte enable 
(C/BE[3::0] #) lines dur- 
ing the address phase of a 
burst. The table "PCI Bus 
Command Codes" shows each 
command's encoding and 
type. During the data phases, 
the C/BE[3::0] # lines car- 
ry byte-enable information 
that indicates which byte lanes 
on the bus carry data. The fig- 
ure “Basic PCI Bus Read Op- 
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eration” gives details on a PCI 
burst read; the figure “Basic 
PCI Bus Write Operation” 
gives details on a burst write. 

Another way to improve the 
performance of any bus run- 
ning at a particular speed is to 
reduce its overhead, which 18 
time that the bus is in use but 
data is not being transferred. 
When a PCI device wants to 
access the РС] bus, it must re- 
quest use of the bus from the 
central arbiter (which can be 
located in the PCI-to-host chip) | 
by using its REQ (request) sig- _IRDY# 
nal. The arbiter uses its GNT 
(grant) signal to allow the de- i 
vice to use the bus. On most 
buses in use today, the arbitra- 
tion process takes up cycles 
that could be spent transferring 
data. PCI eliminates this loss 
by allowing the arbitration for 
the next access to occur while 
the current access is still in 
progress. 

The PCI bus can transfer 
data 32 bits or 64 bits at a time. ‚ 
The optional signals REQ64 апа ACK64 allow a 64-bit master to 
ask if a target is capable of 64-bit data transfers. A 64-bit trans- 
fer occurs only if a master asks for a 64-bit transfer and a target 
responds that it can do such transfers. 

A PCI master can support 32- or 64-bit addressing regardless 
of whether it supports a 32- or a 64-bit data path. Since a master 
might not be able to look at a target’s configuration space, a mas- 
ter that supports 64-bit addressing doesn’t always know if a tar- 
get supports 32- or 64-bit addressing. Therefore, the master must 
be able to present an address in a format that either type of target 
can accept. The master addresses 32- or 64-bit devices capable of 
64-bit addressing by issuing a dual-address-cycle command. 

To implement such a command, during the first address cycle 
the master first drives the lower 32 bits of the 64-bit address on 
the lower 32 bits of the bus, and the upper 32 bits of the 64-bit ad- 
dress on the upper 32 bits of the bus. During the second address 
cycle, the upper 32 bits of the 64-bit address are driven again, but 
this time on the lower 32 bits of the bus. 

A 64-bit target will take in the full 64 bits of the address on 
the first clock cycle, ignore the second address phase, and decode 
the 64-bit address with no additional delay, A 32-bit target must 
wait an additional clock cycle to receive the full 64-bit address, 
since it is transferred in two 32-bit portions. Targets that sup- 
port only 32-bit addressing are mapped into the lower 32 bits 
(4 GB) of address space, so they can be accessed by masters that 
support 32- or 64-bit addressing transparently. 


| Basic PCI Bus Write Operation 
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PCI's Future 

In the past, many interfaces were designed with only current 
rather than future needs in mind. PCI was designed to meet the 
needs of today's systems while leaving plenty of room for growth. 
The PCI local-bus architecture provides the bandwidth required 
to accommodate the demands of today's high-performance op- 
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A PCI write transaction is similar го a read transaction. The data phase of read and write transactions ends when 
both IRDY# and TRDY# are asserted. The wait states shown here are inserted only when a slow device is accessed. 


erating systems. This interface is finding its way into everything 
from portables to high-end file servers and workstations. 

Currently, a PCI motherboard requires multiple components— 
in addition to the processor—to implement PCI. This consumes 
valuable space on the motherboard and increases cost. However, 
since it is a widely accepted standard, PCI components from a 
variety of sources and with different levels of integration should 
bring down the size and cost of a PCI system. 

Also, DEC's DECchip 210066 RISC processor foreshadows 
an important trend: It implements a built-in PCI bus interface. 
Processors using a built-in PCI bus interface are especially at- 
tractive for users of portable computers that don't have the space 
for multiple components, and it will drive down the cost of all PCI 
systems because of the greater level of integration. 

PCI offers different advantages to different segments of the 
computer industry. To PC designers, PCI offers outstanding per- 
formance and a plug-and-play mechanism through a new sys- 
tem architecture. To workstation designers whose systems al- 
ready have buses faster than PCI, it offers access to the low-cost, 
industry-standard components used in PCs. To everyone, it pro- 
vides a way to resolve many of the historical problems the industry 
has had by providing a well-thought-out architecture that will 
propel us into the next decade of computing. Bi 


Editor's note: То obtain a copy of revision 2.0 of the PCI speci- 
fication or to join the PCI SIG, contact the PCI Special Interest 
Group, M/S HF3-15A, 5200 Northeast Elam Young Pkwy., Hills- 
boro, OR 97124, (503) 696-2000; fax (503) 693-0920. 


Guy W. Kendall is an applications engineer with the Microelectronics Prod- 
ucts Division of NCR Corp. (Colorado Springs, CO). He supports the сот- 
pany's family of PCI-SCSI V/O processors. He сап be reached on the Internet 
at guy.kendall@ficollinsco.ncr.com or on BIX c/o “editors.” 


ШТІ Beyond DOS 


Windows for Workgroups 3.1] 


Previews of two new technologies—Chicago and At Work —make 
this the most advanced version of DOS-based Windows now available 


, | JON UDELL 
| | I’ve long thought Windows for Work- 


| original version (3.1), dubbed Windows 
for Warehouses, languished in part be- 
cause the > MIS crowd saw its peer-networking capabilities 
as a security risk. That view seemed shortsighted to me. 
Peer file sharing was always an optional feature of WFW. 
Subtract that, and WFW would still be an extremely use- 
ful complement to a server-based LAN. Mail, group 
scheduling, Clipboard sharing, and network DDE are 
powerful enhancements to the basic NetWare file and 
print services. Thanks to WFW's dual-shell capability, a 
Windows workgroup enjoying these extra services cari co- 
exist comfortably with a preexisting NetWare LAN. 

WFW 3.11 improves on the original version in ways 
that preview two new technologies that are strategic for 
Microsoft. Its new 32-bit file and network I/O move to- 
ward the protected-mode device-driver model we'll see 
in Windows 4.0 (aka Chicago). And version 3.1175 fax 
software plays into the smart-office initiative known as At 
Work. 

What about those MIS security concerns? Version 
3.11 enables an administrator to control file, print, and 
Clipboard sharing. An encrypted file stored locally on 
each WFW 3.1 | machine selectively enables or disables 
these features. Àn administrator can force the security 
settings stored in that file to synchronize, at start-up, 
with canonical settings stored on the network. With ver- 
sion 3.11, an administrator can also choose to reform 
version 3.1's troubling habit of caching passwords, ar- 
guably its worst security flaw. 


On the Road to Chicago 

The big story isn't security, however. New 32-bit file 
and network I/O technologies put WFW 3.11 a half-gen- 
eration ahead of any current DOS-based version of Win- 
dows—and within shouting distance of Chicago. Like 
many newfangled Windows features nowadays, these 
are implemented as VxDs (virtual device drivers) that 
run in a true 32-bit environment unavailable to normal 
Windows applications. 

Most Windows users got their first taste of 32-bit de- 
vice support in the form of FastDisk, the protected-mode 
BIOS interceptor that debuted in Windows 3.1. On ma- 
chines with WD1003-compatible (or older ST506) drive 
controllers—this covers most Windows machines, in- 
cluding the majority now sold with IDE controllers— 
Windows 3.1 can hook INT 13h and talk directly to the 


groups a vastly underrated product. Тһе” 


hard drive, bypassing the system BIOS. 

The full implications of this technique weren't always 
apparent to users, though, because of a quirk of user- 
interface design. You enable FastDisk in the Virtual 
Memory dialog box that's accessible from the 386 En- 
hanced section of the Control Panel, a dialog box pri- 
marily used to configure the swap file. Knowing that 
Windows bypasses DOS and uses low-level BIOS calls 
to communicate with a permanent swap file, many users 
assume (not unreasonably) that FastDisk applies only to 
this special case. In fact, it works for all files. 

FastDisk can help performance in several ways. WD- 
CTRL, the VxD that talks to the drive controller, will in 
many cases be faster than the system BIOS. Use of WD- 
CTRL eliminates one costly switch between protected 
mode and real mode. And WDCTRL can sometimes han- 


dle I/O asynchronously, letting Windows do other work 
while a request completes. 


Sending DOS to the Sidelines 
With FastDisk intercepting the BIOS, the bottleneck is 
DOS itself. Under Windows 3.1, it's still necessary to 
switch from protected mode to real mode so that DOS can 
look up the location of a requested piece of a file in the 
FAT (file allocation table) and then back to protected 
mode, where WDCTRL can field the resulting INT 13h 
call. 

Why not take DOS out of the loop as well? That's 
what WFW 3.11's 32-bit file access feature does, using 
a pair of new VxDs. VFAT.386 delivers protected-mode 
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INT 21h services, and VCACHE.386 is a protected-mode re- 
placement for the SmartDrive disk cache. As with FastDisk, and 
still a bit confusingly, you enable this 32-bit feature (рег drive) 
by way of the Virtual Memory dialog box. 

The results can be impressive. An Advanced Logic Research 
Flyer 32LCT 4DX2/66 with an IDE controller more than doubled 
its sequential file I/O throughput using the VFAT/ VCACHE 
combo, while bettering its random file I/O throughput by about 
a third. But on an Everex Step 486DX2/50 with an Adaptec 
AHA-1742 controller, and an IBM PS/2 Model 90 XP 486 with 
an IBM SCSI-2 controller, the story was quite different. Here, ran- 
dom file I/O throughput improved by 73 percent and 83 percent, 
respectively. These marks were close to (for the Everex) or bet- 
ter than (for the PS/2) those posted by Windows NT on the same 
two machines. But in both cases, 32-bit file access hurt sequen- 
tial file I/O performance. The PS/2 lost a fifth of its 16-bit through- 
put; the Everex lost a fourth. This degradation made application 
load times noticeably slower on the two SCSI machines. 

As you’ve probably now realized, VFAT and VCACHE don’t 
require FastDisk—although they do prefer it. That’s fortunate, be- 
cause controller manufacturers didn't support FastDisk as unan- 
imously as Microsoft hoped they would. Some companies, in- 
cluding Ultrastor and Future Domain, offer FastDisk drivers for 
their SCSI controllers; others, notably Adaptec, do not. 

You should note, therefore, that VFAT and VCACHE seem to 
perform rather differently on FastDisk and non-FastDisk sys- 
tems. If you can use FastDisk, 32-bit file access scems like a 
clear winner. But if you can't, don't assume it will boost through- 
put in all cases. You should probably test your bread-and-butter 
applications with and without VFAT/VCACHE to determine 
whether they help or hinder. 

You should also know that while VCACHE unifies caching for 
local hard drives ( VFAT) and remote ones ( VREDIR), it won't 
cache floppy or CD-ROM drives. To cache these, you'll still 
want to use the provided SmartDrive 5.0 (which also comes with 
MS-DOS 6.2). 


Hands 


32-bit Networking 

The 32-bit networking components of version 3.1 included the 
NetBEUI transport, the NetBIOS interface, the server, and the 
redirector. Version 3.11 adds 32-bit (NDIS 3.0) adapter drivers 
and a 32-bit SPX/IPX protocol stack with a Novell-compatible 
NetBIOS. A 32-bit TCP/IP stack is in the works, too, but un- 
fortunately it didn't ship with version 3.11. 

Using NetDDE to ship a 50-KB chunk of data between two sta- 
tions, I found the 32-bit network-card NE2000 and SMC drivers 
to be 25 percent faster than their 16-bit counterparts. As with 
the 32-bit disk and file technology, the dominant effect is almost 
certainly the reduction in protected-to-real-mode switching. 

Configuring for the test, however, proved more challenging 
than I'd have thought. For a given protocol, WFW 3.11 offers four 
driver options: Novell’s ODI (Open Data-Link Interface), real- 
mode NDIS, real- and protected-mode NDIS, and protected- 
mode NDIS. You use the ODI option for NetWare connectivity 
or if your adapter lacks bundled NDIS support. With ODI, you can 
access network hardware in real mode only. The NetWare shell, 
of course, runs in real mode, too, but you can still layer on that 
foundation either or both of the 32-bit transports (1.e., NetBEUI 
and SPX/IPX) for use by the Windows networking components. 

Real-mode NDIS, like ODI. puts 16-bit adapter support un- 
derneath 32-bit transports. The real-and-protected option, con- 
fusingly, installs 16- and 32-bit adapter support; Windows uses 
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the 32-bit code, but the 16-bit code is available for use in DOS. 
Finally, protected-mode NDIS installs and uses only the 32-bit 
NDIS 3.0 driver. 

To make things even more interesting, WFW 3.11 installs 
both NetBEUI and SPX/IPX transports on top of whichever fla- 
vor of driver you choose and makes SPX/IPX the “default” pro- 
tocol. The availability of a routable protocol, namely SPX/IPX, 
is a great thing. As I discussed last month, you can dispense en- 
tirely with NetBEUI in this version of Windows for Workgroups 
and run file, printer, and Clipboard sharing solely on SPX/IPX. 

If you happen to operate a NetWare WAN (wide-area net- 
work), this arrangement WAN-enables Windows networking in 
a way that was never before possible. But І ran into problems 
using the SPX/IPX stack (and its companion NetBIOS) with 
WFW’s NetDDE. When SPX/IPX was the default protocol, 
Clipboard sharing and other light-duty NetDDE operations 
worked, but the 50-KB transfer I used to measure over-the-wire 
performance failed. 

The same transfer worked flawlessly when I used NetBEUI as 
the default transport. So while my NetDDE test didn’t satisfy 
my cunosity as to whether NetBEUI or SPX/IPX is the faster 32- 
bit transport, it did raise concerns about the suitability of SPX/IPX 
as the preferred transport for Windows networking. 


The Fax Connection 

The Chicago technology in WFW 3.11 is tantalizing, if a bit 
rough around the edges. Microsoft's At Work technology that 
debuts in version 3.11 is equally tantalizing and, while limited in 
scope, quite successful. At Work is an umbrella standard that 
Microsoft hopes will enable PCs, telephones, printers, copiers, and 
fax machines to cooperate intelligently on a network. 

А compliant fax machine, for example, will run the At Work 
operating system (a 16-bit real-time preemptive multitasker) and 
will present a touchscreen user interface based on a subset Win- 
dows API. (Prototypes of these smart fax machines were shown 
at last fall’s Comdex.) A pair of fax devices will be able to ex- 
change not only conventional faxes, but also compact binary at- 
tachments that survive as editable documents. 

How does this differ from E-mail? It doesn't, really. For PC 
Fax, the At Work-compliant fax-server software in WFW 3.11, 
fax is E-mail. A sender need actually render an image of a doc- 
ument only when the receiver indicates it cannot receive a more 
compact and infinitely more useful binary transfer. 

The current limitation is that there aren't any At Work de- 
vices other than WFW 3.11 PCs. Thus, for most users in the near 
future, PC Fax will operate as a conventional fax server. In that 
capacity, however, it excels. Outbound and inbound faxing on one 
WFW machine with an attached SupraFaxModem was trivial, 
as was sharing that modem from another WFW machine. Be- 
cause PC Fax is implemented as a form of E-mail, you can broad- 
cast to a mixture of E-mail and fax destinations using a single dis- 
tribution list. Equally important for integrators, you can send 
faxes programmatically using simple MAPI (Messaging АРІ). 

Announced last June, At Work has now begun to emerge from 
shrouds of vapor. It’s a grab bag of rendering, communications, 
and real-time operating-system technologies, none of which is by 
itself earthshaking. But if vendors buy into this vision of smart net- 
worked office equipment, At Work could do more for millions of 
workers than any version of Windows. Ш 


Jon Udell is a BYTE technical editor at large. You can reach him on the in- 
ternet or BIX at judell e bix com. 
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Upgrades from 


li “уе been told that my best columns happen when 
I've had a whole lot of problems. That ought to make this one 


a дооту. I’ve been tearing my hair out for a week. All's more or | 


less well now, but I sure have a lot to tell you. 

It all started when I asked Alex to install ATI Technologies’ 
CD Sound Dimension Multimedia Upgrade Kit in SuperCow, 
our Gateway 2000 486DX2 with local-bus video. It's fast and 
reliable. It sits on a computer cart, making it nearly ideal as a 
test-bed for new equipment. Alex installed the full-length sound 
and CD-ROM controller board, but he noted there were no 
mounting rails for the CD-ROM drive, so he didn't unpack 
that. He did get the sound board working, and pretty soon 


Chaos Manor was filled with the sounds,of Captain Kirk, Dr. 
McCoy, and Mr. Spock, generated by Berkeley Systems’ After Dark screen 
saver, and a screwy program called Icon Hear It. 

[ have reports from sound experts that the ATI sound board is not quite 100 
percent compatible with Sound Blaster Pro, but it has played all the sounds, in- 


cluding games, that we’ve tried with it, and 
we've had no problems. I can suggest one im- 
provement. The board has an option to connect 
the sound output of your system to the board, 
where you have volume control,.but to do that 
you must disconnect the internal speaker, which 
means that you müst have an external speaker 
connected to the board or you'll get no sound at 
all. I wish they'd set it up so the internal speak- 
er is activated when you unplug the external 
speakers. Other than that, the ATI board is quite 
acceptable, and it's easy to set up. 

Mind you, no sound board has as good qual- 
ity for the money as Turtle Beach Systems’ Mul- 
tiSound. Unfortunately, it's for Windows only, 
and it won't play the sounds used by just about 
all the game designers. If you're serious about 
sound, get the MultiSound. Incidentally, it will 
coexist quite nicely with the ATI board or Sound 
Blaster Pro, but you have to be a real sound fa- 
natic to go that route. 


The ATI CD-ROM drive didn't need 


any mounting rails. When I unpacked the Mit- 
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sumi-labeled Matsushita drive, | found it comes 
in a little metal cage that replaces mounting 
rails; it makes a snug fit, but it's easy to install 
in the half-height bay that's below SuperCow's 
floppy drives. I like the drive design a lot: you 
press on the drive face and the whole thing slides 
out. Open a lid on top and drop in your CD; no 
caddy needed. I’ve always had mixed emotions 
about those caddies. If CD-ROMs came in them, 
it would be different; but no, CD-ROMs are 
shipped in jewel boxes, and you have to pro- 
vide the caddies yourself. І have never been able 
to open a caddy without a fight. Anyway, the 
ATI system doesn't use them. 

There's only one way the CD cable will attach 
to the drive, so that was no problem. Alas, it's 
quite possible to attach the cable the wrong way 
to the sound board. Fortunately, the installation 
diagrams show where pins 1 and 2 are on both 
drive and board, and once | noticed that, all was 
well. 

The software installation is pretty simple, but 
1 found one subtle problem, which ГІ explain in 
just a minute. There's a place to set the start-up 
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Pournelle 


First thing, eliminate any distractions. 
SuperCow had the Maximum Storage Du- 
elte optical drive running off a Future Do- 


the ATI manuals, but the screen setup is 
simple enough that you probably won’t 
look into the manual at all. 


configuration, and Alex had set the CD- 
ROM drive to disable. Enabling it is easy 
enough, but when you do, the board can’t 


find that CD-ROM 
drive until you power 
down and turn the 
machine back on. 
Meanwhile, you can 
set the interrupt chan- 


Î was awakened at 0700 by the 
telephone. It was a flack from the 


I set things up, pow- 
ered down, noted that 
the CD-ROM light 
flashed when the ma- 
chine powered up, and 
tried to access the CD- 


main SCSI board; eliminate that and com- 
ment out the software device installations 
in CONFIG.SYS. Reset. Still no joy. 
Next, cables: I disconnected the cable 
from the ATI board, liberally spread on 
Stabilant 22 (a connection enhancer), and 


nel (1.е., IRQ [inter- Dithering and Redundancy Corporation. ROM drive. “Drive 


rupt request] number) not ready.” I reset the 
and I/O port addresses for the CD-ROM machine and tried again. Same thing. Time 
drive. That's all explained quite well in for some logic. 


connected again. Reset. This time it 
worked. Now enter Windows for Work- 
groups 3.11, go to File Manager, and ac- 
cess the CD-ROM drive. The system 
locked up to hardware reset. 

Clearly some kind of conflict, probably 
in the interrupt processing: each of these 
devices must be assigned a unique IRQ 
number. The sound board was set to IRQ 
7. There were several possibilities for the 
CD-ROM drive, but the default was IRQ 5, 
and I saw no reason to change it. Now to 
look at the network board. That's an Intel 
EtherExpress, and it's examined and set 
with a simple-to-use Intel program called 
SoftSet. SoftSet told me that, sure enough, 
the network board was set to use IRQ 5, 
the same as the ATI board was using for 
the CD-ROM drive. 

The subtle bug I mentioned earlier is 
that the ATI software will warn you if you 
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try to change to an interrupt line that’s al- 
ready in use, but it doesn’t notice if the 
default IRQ creates a conflict when you 
first activate the board. Anyway, I told 
SoftSet to change EtherExpress to use IRQ 
10. Then I did extensive tests of the CD- 
ROM drive under DOS. No problem, so 
bring up Windows for Workgroups. The 
system again locked up to hardware reset. 

Maybe, I thought, I needed to power 
down the system after changing the Ether- 
Express settings. 1 tried that, made sure I 
could get the directory on the CD-ROM 
drive, and brought up Windows for Work- 
groups again. That came up fine. Go to 
File Manager and try to access the CD- 
ROM drive. System locks up. 

By then it was quite late at night. I reset, 
noted that I could get a CD-ROM direc- 
tory when in DOS, left the machine logged 
to the CD-ROM drive, fired off an angry 
fax to ATI Technologies’ technical-sup- 
port staff, and went to bed. 


I was awakened at 0700 by the 
telephone. A flack representing the Dither- 


ing and Redundancy Corporation had got 
my telephone number and called to find 
out if Га received their product. When I 
pointed out that it was 0700, she was 
apologetic. “I didn’t know it was your 
home number,” she said. 

“No, but you knew it was my private 
line. Do you know how many products I 
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last two years. 

Everything about the Crosstalk 
interface is designed for speed 
and convenience. And naturally, 
along with all that ease-of-use, 
you get the unmatched power 
that Crosstalk has always been 
known for. PC World wrapped up 

its recent review 

—Á JN by sayi ۶ 
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3 | clean and easy- 


to-use interface = | 

backed by its "If you like a clean, uncluttered Windows interface with some of the best-designed 
solid set of icons anywhere, Crosstalk won't disappoint.” 

pn ae" — PC World Best Buy, November 1993 
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igital Communications Associates, Inc. Windows is a trademark of Microsoft Corporation. All other trademarks are the property of their owners. 
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Attention 
U.S. BYTE 


Subscribers 


Watch for the next BYTE 
DECK mailing that will be 
arriving in your mailbox 
soon! 


Use this as a fast, convenient 
tool to purchase computer 
products and services. It’s 
loaded with essential 
hardware and software 
products that you should be 
aware of when making your 
buying decisions. . .and it's 
absolutely FREE! 


If you have a computer 
product or service, and would 
like to reach 275,000 
influential BYTE magazine 
subscribers, please give Brad 
Dixon a call today at (603) 
924-2596. 


Here's what a BYTE Deck 
advertiser has to say: 


"The BYTE Deck does very well for 
us — we've been in for over two 
years — and will continue 
advertising in '!93. " 
Karen Tacy 
Rainbow Technologies, Inc. 


Pournelle 


get every day? If the flacks representing 
those products were all to call to see if l got 
them, I would never get any writing done," 
I said. "Let me tell you about a wonderful 
invention called E-mail. It lets you send 
messages to people through computers. 
You do know what a computer is?" 

I may have been unduly harsh—I don't 
guarantee that I'll be either civil or coher- 
ent at 0700 after fighting an installation 
problem all night—but someone in her 
firm ought to have had better 
sense. I sometimes suspect 
these PR flacks get paid by the 


The evil daemon 


10. That worked just fine, so I let Rick Os- 
borne, who had been patiently listening as 
I went through all this, go back to work. 


The problem is that to change the 
network settings for Windows for Work- 
groups, you have to be inside Windows. 
Invoking Setup in DOS lets you change 
video drivers, but not network card set- 
tings. However, when Alex got home, he 
reminded me of something I had forgotten. 
If you’re running Windows for 
Workgroups, you can access 
Windows without the network: 


"contacts" they make, even inside Windows for simply invoke it with WIN /N 
though few of their messages «retur». 
warrant the urgency of a tele- Workgroups 3.11 will Once you're in Windows, 
phone call. Anyway, that's you have available all the con- 
how the day started. reset your network trols, including a new program 
2 group that Windows for Work- 
Rick Osborne of ATI board interrupt groups 3.11 automatically in- 
Technologies’ technical-sup- without checking for stalls for you. Inside it are 
port staff called about 10:00 3 some neat tools that include а 
a.m. I hauled the phone over clashes—and without Network Setup icon; open that, 
to SuperCow. It was still run- os oie use the drivers button to open 
ning, but it would no longer telling you what it did. a second window, use the set- 


access the CD-ROM drive. 

That was suspicious. I reset the 

machine, logged on to the CD-ROM drive 
and got a directory, went into Windows 
for Workgroups, and locked the machine 
when I tried to access the CD-ROM drive. 
Reset. Use the ATI installation program 
to be sure of the settings: sound board at 
IRQ 7, CD-ROM drive at IRQ 5. Now use 
SoftSet to check the network board. It was 
set to IRQ 5. 

I was absolutely certain | had set that 
to IRQ 10. I set it to IRQ 10 again. Still in 
DOS, I accessed the CD-ROM drive; it 
worked fine. Enter Windows for Work- 
groups. Machine locks to hardware reset. 
Reset. Now I can bring up Windows for 
Workgroups, but going to File Manager 
and trying to access the CD-ROM drive 
locks the machine. Reset. Use SoftSet— 
and find that EtherExpress is set to IRQ 5 
again. 

Something is real weird, folks. OK, use 
SoftSet to set EtherExpress to IRQ 10 
again; and this time get out all eight flop- 
py disks and install Windows for Work- 
groups again. Tediously I swapped disks. 
Finished. Powered down and then back 
up. Can't enter Windows for Workgroups. 
Reset. Now І can enter, but accessing the 
CD-ROM drive locks up the machine— 
and EtherExpress is set to IRQ 5. 

The conclusion is clear: the evil Mi- 
crosoft daemon inside Windows for Work- 
groups 3.11 is resetting EtherExpress, and 
it’s doing that without telling me. The first 
remedy was to leave EtherExpress at IRQ 
5 and change the CD-ROM drive to IRQ 
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up button to pop up yet anoth- 
er box, and lo!, there is the 
EtherExpress IRQ setting. 

I did all that and changed that setting 
to IRQ 10. Immediately | got a warning 
box: IRQ 10 was in use. Interesting, 1 
thought: this part of the program is smart 
enough to detect interrupt clashes. I told it 
to use IRQ 10 anyway. Then I exited Win- 
dows and went to the ATI Setup program 
to set the ATI CD-ROM board from IRQ 
10 back to IRQ 5. Once again I got a warn- 
ing box: IRQ 5 was in use, as of course it 
was since І hadn't changed the network 
board; and once again I ignored the warn- 
ing. 

Then I tried to enter Windows for Work- 
groups again. А$ expected, the system 
locked up. Power down. Power back up. 
Test the CD-ROM drive in DOS. Worked 
perfectly. Enter Windows for Workgroups. 
No problem. Access the CD-ROM drive: 
still no problem, not then, and not later. 


The conclusion is clear: the ATI 
software worked fine, but Windows for 
Workgroups will reset your network board 
interrupt without checking for clashes— 
and without telling you what it did. This is 
an evil bug masquerading as a feature, and 
we can hope that Microsoft will exorcise it 
as soon as possible. 

As for the CD Sound Dimension Mul- 
timedia Upgrade Kit, if you can get one 
at a good price, you'll probably be happy 
with it. The ATI sound board is good 
enough, although in my judgment Sound 
Blaster Pro is better. The ATI CD-ROM 
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Saas LOOK . 
OSF/ MOTIF 


-CHARACTER SYSTEMS ” 


Dey Cross-Platform GUE - 
"Applications ina Single Stroke 


ay 
Windows = + j 
Windows NI. .. 


Master the art of multi-platform 6078. Developers judge XVT to be a masterpiece. 
КҮТ Software is the leading choice of world-class ХУТ is the base document for the IEEE's GUI 
developers for one reason: It is the simplest, quickest path standardization effort. Our thousands of customers include 
to building quality applications that port to every GU! internal and commercial developers like: Alcoa, Amoco, 
without compromises in look-and-feel or performance. AT&T, Avis, Ford, General Motors. Grammatik/Reference 
Plus, it's easier to learn and use than native toolkits, so your Software, Kodak, Lockheed, NCR, NEC, NIST, Novell, 
time and effort goes into your application, not your GUIs. Rockwell, Siemens, Sony, Southwestern Bell, Tandem, 


KVT gives you simultaneous original 6015. Uniplex, Unisys, US Army and US West. 


Because XVT uses native GUI objects, your application Call now for a Free XVT Demo 
is indistinguishable from one writen directly to the native and Technical Overview. 
toolkit. Through our layered architecture, you achieve 
equivalent cross-platform functionality appropriate to each 1-800-678-7988 
GUI, without the overhead and inflexibility of proprietary 


4 OPEN LOOK | 
emulation-based systems. 


MEW десі 
e) 4 osrmott ХИТ puts complete C/C++ anb 
- solutions at your fingertips. 


ХУТ Development Solutions for C include an | ; 
Interactive Design Tool. Solutions for C++ include ап SOFTWARE INC 
object-oriented application framework. Both include the The portable GUI development solution. 
XVT Portability Toolkit. KVT Software Inc. 4900 Pearl East Cir. Boulder, CO 80301 
i When combined with in-depth consulting, training (303) 443-4223 FAX (303) 443-0969 
Т | M and support, plus a wide range of Partners products, ХУТ pru creme Е" 
ees i | | forms the most comprehensive and advanced solution | im 
Systems EUN or developing completely portable GUI applications. Circle 153 on Inquiry Card (RESELLERS: 154). 


DOS 6 Complete Special Edition 
with Updates for MS-DOS 6.2 

The most authoritative and up- 
to-date DOS reference book 
available. Your guide to Micro- 
soft's latest version of DOS. It's 
anencyclopediaof the most recent 
DOS knowledge, for the computer 
whiz and the everyday user. 
Includes many useful tips for 
outfitting any computer with MS- 
DOS versions 6 through 6.2. 


$39.95 with companion diskette. 
item #B251 
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EXCEL for Science & Technology 


Excel beyond the spreadsheet. 
Learn about Excel Solver, 
Scenario Manager, Mathematics 
Functions, Physics. Chemistry, 
Technology Conversion and 
many other topics. 


Macros and worksheets on the 
companion disk allow you to 
immediately apply what you 
learn. Excel] for Science and 
Technology is more than à book; 
it's an indispensable professional 
work tool. 

$34.95 with companion diskette. 
Item 8B196 
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Work Smarter 


PC Intern System Programming 
with Updates for MS-DOS 6.2 and Pentium!M 


This is a re-release of our all-time best selling PC 
system programming book. Now PC Intern will include 
the latest information on programming for DOS, 
through version 6.2, and programming for the 
Pentium?M processor. PC Intern is a literal 
encyclopedia for DOS programmers and contains 
more than 1300 pages of valuable programming 
knowledge. The book contains dozens of practical 
parallel working examples in Assembly language, C, 
Pascal, and BASIC, for programming video cards, 
ИП. and TSR’s. Covers processors, the motherboard, controller, bus and chip 
sets (NEAT); overview of ports, interrupts, interrupt calls and their significance; 
the BIOS memory map and services; and much, much more. 


$59.95 with companion diskette. Item #B145 


Upgrading and Maintaining 
Your PC 

How to turn your PC into a high 
performance machine, It tells you 
what you'll see when you open 
the “hood”. How to add a new 
hard drive, increase memory, 
upgrade your monitor, or turn an 
XT into a 486 screamer, Includes 
utilities and SystemSlueth 
diagnostics software on 
companion diskette. 


$34.95 with companion diskette. 
Пет #B167 


DoubleSpace 
Without The DoubleTalk 


This book is for DOS 6 users who 
want to double the amount of disk 
space on their hard drive with 
DoubleSpace. The most effective 
way to learn all about Double- 
Space and make the best use of 
the program. Presented in short, 
complete learning units with icons 
that depict the complexity of the 
unit's topic. 

$19.95 Пет #B250 


Multimedia Mania 

Explores the evolving multimedia 
explosion. How {0 set up a 
complete multimedia system and 
how to create presentations. 
Contains terminology and info 
about popular programs. Covers 
audio technology, sound boards 
and sound recording, CD and CD- 
ROM technology. Companion 
CD-ROM features example 
programs and techniques. 


$49.95 with companion CD-ROM 
Item #B166 


Order 

TOLL FREE 
1-800-451-4319 
Ext. B2 


Ask for our 


FREE Catalogs 


of books and 
software 


Abacus 1 


Dept B2, 5370 52nd Street SE 
Grand Rapids, MI 49512 
1-800-451-4319 Toll Free 
Phone 616-698-0330 

FAX 616-698-0325 
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Pournelle 


drive is definitely better than the single- 
speed CD-ROM drives in Creative Labs’ 
early multimedia kits. However, Creative 
Labs’ new Sound Blaster multimedia kits 
have modern two-speed drives, too, and 
I'm told they have genuine SCSI rather 
than the proprietary almost-SCSI the orig- 
inal kits had; more on that next month. 

ATI gives you a couple of CD-ROM 
discs of shareware, most of it not very in- 
teresting, nothing like the mountain of soft- 
ware you get with Creative Labs’ multi- 
media upgrade. 

The bottom line is that ATI’s CD Sound 
Dimension Multimedia Upgrade Kit is eas- 
ily installed and 15 configurable with easy- 
to-understand software—no jumpers to 
set. It gives pretty good sound, and the 
CD-ROM drive is fast and reliable. Га 
look at the competition, but if you can get 
an ATI kit at a good price, go for it; it’s 
more than good enough. 


When you get your CD-ROM drive 
set up, use Norton Speedrive. It does a 
great job of speeding up a CD-ROM drive. 
I also recommend it over Microsoft’s 
SmartDrive even if you don’t have a CD- 
ROM drive, but there it’s not so clear. 
Windows 3.1 looks at your drive controller 
and, if it’s suitable, offers a 32-bit disk ac- 
cess mode. You can turn that on from the 
control panel. In the control panel, open 
the enhanced button (the one that looks 
like a computer chip); in that, open virtu- 
al memory and click on the change but- 
ton. If you’re offered the option of 32-bit 
disk access, take it. 

Fair warning: be sure you have a good 
backup of your WIN.INI and SYS- 
TEM.INI files before you do this. I don’t 
know anyone who has got locked out using 
this (other than the frazzled Alex), but cau- 
tion is always wise. 

If you’re running Windows for Work- 
groups and you’ve upgraded to version 
3.11, you may be offered a second option, 
32-bit file access. If you click on that, 
you'll also be offered the chance to spec- 
ify a cache size. Mine wants 4 MB, which 
speeds things up but is silly; on the other 
hand, cutting that to 512 KB doesn’t seem 
to speed things. I found that | MB gives all 
the improvement I’m going to get. 

These 32-bit accesses work with Smart- 
Drive, and they do speed things up. I 
haven't had a chance to test them with 
Speedrive, so I don’t even know if that 
will work at all, much less show a speed 
Improvement. More next month. 


Once we had the CD Sound Di- 
mension Multimedia Upgrade Kit installed 
in SuperCow, we played with new CD- 
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ALR bests three other 60MHz Pentium systems 
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Starting as low as * 


Starting as low as 


$4995 


» 60- or 66-MHz Pentium Processing 
* Supports Pentium Wrte-Back Modd 


» 16-МВ RAM(Expandabie to 1-GB); 
* True 64-bit Data/Memory Path 
* Ten 32-bit EISA Expansion Slots 


» 13 Drive Bays 
* 415 Walt Power Supply 


| OD ICING THE EVOLUTION VET 
| from ALR. As the newest 
member of ALR’s 
EVOLUTION V family, 
this system delivers true 
record-breaking 60 or 66- pentium 
MHz Pentium processor 2... 
horsepower. Power that has earned 
the ALR EVOLUTION V family top 
honors from BYTE, InfoWorld, and 
PC/Compuung. Engineered to 
maximize 
the Pentium 
processor, 
this powerful system boasts a 64-bit 
cache/memory design with your 
choice of 32-bit local bus architec- 
tures; VESA VL or PCI. 

Large enough to hold gigabytes 

of storage and eight expansion cards, 
yet small enough to fit on a desktop, 
the EVOLUTION V ST is perfect 
for both small networks and expan- 
sion hungry power users. With four 
drive bays accessible from the front 
(six total), it's the ideal system for 
advanced desktop publishing, 
multimedia design, and other 
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EVOLUTION у | 
drives and removable hard drives. 


8-МВ RAM|Expandable іо 128-MB): And the EVOLUTION V ST is 
True 64-bn Data/Cache/Memory Pali 
- integrated 256-KB Write-back Cache covered by one of the 
« Integrated MULTUS (Mutti-seeking) А y 
IDE Controller most comprehensive ^ ül 
* Six ISA Expansion Siots 4 ‚ү 
S мені ий service and support pro- 3 
200 Watt Power Supply grams in the industry. Even a ^'^^ 
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60 or 66-MHz Panlium Processor To order the EVOLUTION V ST 
a Quadllex 128 Architecture (ALR Custom aiiis 
ASICS) with Dual 64-bit Path cacha W visit your local ALR reseller or call 
* Supports Pentium Write-Back Mode À | 
* Dual 256-KB (512-КВ total) R today. 


64-bit integratedWrile-back Cache 


800-444-AALR 
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Advanced Logic Rescarch. Inc. 


ALR can be reached on Compuserve--GOALRINC 
9401 jetimi Irvine, СА 92718 (714) 581-6770 FAX: (714) 581-9240 


3 VESA МІ. Local Bus Slots 
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Rack & Desk 


Chassis FOR ИЛИП 
XT /AT/286/386 /486 


ПШ 
Іпедгапа 5 unique packaging design uses 
modular construction. We have 3 basic 
models for ISA/EISA bus computers. Over 
90 interchangable modules allow you to 
customize them to nearly any requirement. 
We make drive enclosures and rackmount 
keyboards too. Integrand offers high 
quality, advanced design hardware and 
strong support. Why settle for less? 


Duns F ririri 
scores ШІП 


Rack & Desk Models 

Accepts Most Motherboards and Passive 
Backplanes 

Doesn't Look Like IBM 

Rugged, Modular Construction 

Excellent Air Flow & Cooling 

Designed to meet FCC 

204 Watt Supply, UL Recognized 

200 & 300 Watt Supplies, UL, CSA, TUV 
Reasonably Priced 


Rackmount 


Keyboards 


ЕТ а ЕТ T m Y 
Ec - E. a 


Three Models: төне Shelf, and Panel 
Reasonably Priced 


Call or write for descriplive brochures, prices 
or applicalions assistance: 
Circle 106 on inquiry Card. 


ITEGRAND 


-“ІРЛРИКЕЛНІЗЯ. CORP 


8620 Roosevelt Ave. * Visalia, СА 93291 


209/651-1203 


FAX 209/651-1353 
We accept VISA and MasterCard 


IBMX TAT TM АВМ • 206206486 TM INTEL. Drives and computer бой not included 
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Pournelle 


ROMs. The first was Microsoft Musical 
Instruments. The blurb on this says, “You 
are about to enter one of the largest music 
studios in the world, filled with instru- 
ments from every corner of the earth— 
and you can play any one you want." 
That's all sort of true. From a harpsi- 
chord to five kinds of bagpipes 
to panpipes to a darabukka, it's 


all there. It's all hypertext- Lately, | find that 


linked, with pictures of the in- 


struments, their history, expla- reading books on- 
screen gives me a 
ment in action— often in sev- headache. But if 


nations of the various parts, 
sound recordings of the instru- 


eral ways, like jazz, classical, 


and rock—and the Sound Box, you're doing 


which lets you click on different 


notes and hear the result. Click- Scholarly work, 
ing on different notes isn’t re- having the texts in 


ally the same as being able to 


play the instrument, just as see- electronic form for 


ing a picture isn’t the same as 
being able to handle the thing. 

Still, Alex and I found our- 
selves wasting a couple of hours 


ROM is definitely a keeper. 

Any music teacher or music li- 

brarian would be thrilled to get this as a 
Valentine Day present. 

Another CD-ROM we looked at was 
the “improved” Windows version of Li- 
brary of the Future, 2nd Edition. It’s an 
improvement over the old DOS version of 
LOF, but it’s not so much of an improve- 
ment that I’d bother to switch. It has a 
number of classic works. Lately, I find 
that reading books on-screen gives me a 
headache, so I don’t do it much; on the 
other hand, some of the LOF books aren’t 
readily available. If you’re doing scholar- 
ly work, having the texts in electronic form 
for searches and comparisons is a real 
boon. 

Finally, the Bureau of Elec- 
tronic Publishing has a 
wonderful CD-ROM 
called Twain's 
World. This has 
everything Mark 
Twain wrote, bio- 
graphical data, maps, 
historical background, sounds, 
and video; a Twain lover's delight. It's a 
lot more than just books on CD-ROM. 
Highly recommended. 


The newest machine at Chaos 
Manor is an AST Research Bravo LP 4/33. 
(The LP stands for low profile.) The ma- 
chine itself 15 15 inches square by 3'/ inch- 
es high. I haven't had it long enough to 
get inside it, but I see on the back there 


searches and 
comparisons is a 
fooling with this, and this CD- real boon. 


are provisions for two slots. It also has two 
serial ports, a parallel port, and a mouse 
port. The video controller is an ATI Mach 
32, and it's built in. I measure the monitor 
at 13 inches (they probably call it 14; I no- 
tice that monitor sizes include about half an 
inch of bezel on each side), and it's a good 
fast one capable of any screen 
resolution you like. 

The Bravo LP 4/33 comes 
with MS-DOS 6 and Windows 
3.1. It also comes with 4 MB of 
memory, which I think is a mis- 
take. For better or worse, 4 MB 
just isn't enough memory for 
either Windows or OS/2. If, like 
me, you like to keep a bunch of 
programs open and ready to use, 
8 MB is a minimum, and I pre- 
fer 16 MB. 

The Bravo LP 4/33 has only 
one floppy drive, 3'/ inches. 
There's no SCSI port, but sev- 
eral good sound cards have a 
genuine SCSI controller (as well 
as a game port), so adding tape 
and CD-ROM drives shouldn't 
be a problem. You can then use 
the other slot for a network 
board. | 

I like the little Bravo LP 4/33. This isn’t 
a final report because I haven’t had it long 
enough, but getting it did lead to more ad- 
ventures, 


One of the programs that im- 
pressed me at last fall's Comdex was called 
Any View Screen Commander for Win- 
dows from Binar Graphics. This lets you 
change screen resolutions without 
having to restart Win- 
dows. It seemed like a 
great idea: jump from 640 
by 480 pixels to 800 by 600 
and on up, 1024 by 760, and 
in the extreme to 1280 by 
1024, and do that as of- 

ten as you like with- 
out ever having to 
exit and restart. It’s 
got a bunch of 
other features, in- 
cluding a way to ad- 
just your screen so that in your 

word processor 1 inch of text takes up 1 
inch on-screen, thus giving you true 
WYSIWYG. 

Since the Bravo LP 4/33 was so new 
that it hadn’t any applications installed, it 
seemed like the ideal test-bed for Any- 
View. After all, the worst that could hap- 
реп wouldn't lose me anything I couldn't 
replace easily. 

Installation wasn't fun. First of all, the 


Discover the basic principle of connectivity... 


SmarTerm's stellar PC-to-host connectivity puts you at 
the center of your system. New SmarTerm emulation 
software for Windows will expand your vision with a 
galaxy of UNIX, VMS, and DG host applications. 
SmarTerm 420 for Windows and SmarTerm 340 for 
Windows have both been upgraded. We also offer 
SmarTerm 470 for Windows, the first full-featured 
Data General 470 emulation product for Windows. 
And тшщ soon—SmarTerm for Windows NT! 

New Windows Sockets TCP/IP 

fenore your miam a winston on the зе with great 
new features like SmarTerm TCP/IP as a Windows 
Sockets DLL, drag-and-drop FTP, a dialing directory, 
a script recorder, and SmartMouse" enhanced mouse 
itn 
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pioneering corporate support tools and utilities. 


These corporate support tools include simplified 
keyboard remapping, pop-up keyboard, toolbox, 
customizable help system, and enhanced button 
ند‎ with icons or text. 


т. 


m the е Guidi — that includes LAT 
and SmarTerm TCP/IP н 
as a Windows Sockets | 
DLL (a $199 value) FREE 
in every package. Discover 
the basic principle of 
connectivity today. 


Call 1-800 EMULATE 
(1-800-368-5283). 
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CONNECTIVITY SOLUTIONS 
DOS * Windows • Ethernet • Token Ring 


ersoft U.S.A. 465 Science Dr.* Box 44953 Madison WI 53744-4953 * Phone (608) 273-6000 * FAX (608) 273-8227 
Persoft Europe World Trade Center * Beursplein 37 * Box 30237 * 3001 DE Rotterdam, The Netherlands * Phone +31 10 405.3560 * FAX +31 10 405.5073 


(01993 Persoft, Inc. SmartMouse is a trademark and Persoft and SmarTerm are registered trademarks of Persoft, Inc. Other trademarks mentioned are properties of their respective companies. 
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Why di-ogix' is so 


ANAZING: 
" S 2 ФШодік p Ж 


It's the world's only integrated Database Management System/Full- 
Function Spreadsheet/Application Generator that's so easy to use, you 
don’t even have to know whatany of this means! With di-ogix, anyone 
can design powerful relational databases, generate detailed reports, 
mailing labels and graphics and even create complex custom applica- 
tions and demos — with no programming experience. 


Now, there's another * 
100,000 
reasons. "a al | of them *Only $9.95 shipping and handling in continental U.S.. 


For years, di-ogix has been the « 400-pg. Manual and Tutorial - Spread- 
world’s best-kept software secret. sheet with over 200 functions » Rela- 
Now, for a limited time, the first tional report generator - Full-screen 
100,000 people who respond can own debugger - Powerful application gene- 
this powerhouse of a program — for rator. Utilities to create mailings, 


just the cost of ship ing & handling. ^ business graphics and more • Royalty- 
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installation program demands your name 
and a company name, and you can't leave 
the company name blank. I solved that one 
by typing in "Blast your eyes" when it 
wanted to know what company. Then it 
demanded a serial number, which sent me 
scurrying around looking for the program's 
box in hopes that somewhere in that box 
I'd find the registration card with my ser- 
ial number on it. Eventually I found it. It's 
a long thing, with several letters and a sev- 
en-digit number, and I assumed Га got it 
right; the program never said. The instal- 
lation trundled along and then reset the 
machine. 

Alas, the Bravo LP 4/33 AUTOEX- 
EC.BAT is set to bring the system up in 
Windows— and Windows was totally un- 
usable. The cursor was a large black blob 
that left striped trails whenever I moved 
it. [couldn't even close Windows with the 
mouse. 

This happened just after Га spent hours 
on the phone over the multimedia upgrade 
problem, and I fear I was a little shrill 
when I called Binar Graphics. Their tech- 
nical-support people told me there was an 
uninstallation program, so apparently there 
was going to be no problem getting things 
back. First, though, to get out of Windows. 
I punched the reset button. 

Of course, their disk was in the 3'^-inch 
drive—and there is only one drive on the 
Bravo LP 4/33. I got the dreaded message 
that this was not a boot disk. One dreads 
this message because it is the most com- 
mon method of virus infection, and even 
the most reputable publishers have dis- 
tributed disks with a boot sector virus. In 
one case [ know, a disgruntled employee at 
the place that manufactured disks was 
putting a boot sector virus on every thirty- 
fourth disk sent out. 

Meanwhile, it was time to deal with 
Any View. We managed to get it unin- 
stalled. Then I installed it again, giving it 
slightly different information, and this time 
it worked. I was able to change screen res- 
olutions on the fly without exiting Win- 
dows. 

Alas, that doesn't turn out to be quite 
as useful a feat as I thought it was going to 
be. For one thing, if you change the num- 
ber of colors, you'll still have to exit Win- 
dows. For another, it turns out one rarely 
wants to change screen resolution. Still, it 
does work, and I'll try it out on other ma- 
chines when I' ve got more time. 


Now, though, I had to check the 
machine for a virus. The only way to do 
that is to boot the machine with a write- 
protected floppy disk that has never been 
exposed to a virus; and, alas, I didn't have 
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with a comprehensive range of 
advanced statistical procedures, 
and present your results with 
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nential, and log smoothing 
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a known-clean 3'^-inch boot disk. The first 
thing, then, would be to make one; how- 
ever, to do that, I had to boot SuperCow 
with a known-clean 5'^-inch disk and in- 
stall the latest copy of Dr. Solomon's Anti- 
Virus Toolkit. It was about time I did that 
anyway. 

Installing Dr. Solomon's is simple, and 
the program runs itself. Once it had 


SPEEDS RELATIVE TO 486SX/20 
Win Tachometer on Jerry’s machines. Higher numbers are better. 


WORD PROCESSING CAD 
Bravo LP 4/33 14.64 25.9 
Cheetah 486/25 13 11.92 
Gateway 486/33 DX2 19.09 16.48 
Cheetah 386/25 0.45 0.65 
Cheetah 486/33 9.42 17.45 
Cheetah 486/33 17.76 18.32. 
Cheetah 486/33 20.37 32.76 


checked SuperCow, I used SuperCow to 
make a 3'^-inch boot disk. Then I tried to 
pry out the little door that makes а 3'^- 
inch disk writable, but I couldn't do it, so 
I got some Duco Cement and glued that 
door open. Then I used the disk to boot 
the Bravo LP 4/33 and ran Dr. Solomon's. 


Tim HEFLIN 


Manager, End-User Services 
Microsoft, Inc. 


Network Topology: Ethernet 


Networking Protocol: TCP/IP 
Host: DEC VAX 
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32.4 
18.43 
36.19 
17.92 
27.34 
38.60 


When you get Dr. Solomon’s monthly up- 
dates, there are both 5'4- and 3'4-inch disks, 
so that was no problem. 

I hadn't expected a virus, and naturally 
there wasn’t one; but my mule is, if you get 
the “this is not a system disk” message, 
it’s time to check the machine for a virus. 
It's unlikely you'll find one, but it doesn't 
hurt to be careful. 


Now it was time 
to do some speed 
tests. I was eager to 


OVERALL | do that because I had 
2264 | just received a new 
52 1647 | copy of Texas Instru- 


26.20 | ments’ program Win 
Tachometer. This is 
a very neat bench- 
mark program that 
simulates a number 
of practical applica- 
tions: word processing, CAD, a spread- 
sheet, and a paint program. It gives you a 
speed estimate for each of those tasks as 
well as an overall speed relative to a 
4868 X/20 with standard VGA. This pro- 
gram is freeware, and it can be obtained 
from BBSes, including the "listings" sec- 


14.23 
24.30 
34.02 


tion of the tojerry conference on BIX. 

I do not like most benchmark programs. 
Longtime readers will recall that I once 
wrote one of my own. Unlike most bench- 
marks current back then, mine was de- 
signed to simulate doing some practical 
work with the computer. Win Tachome- 
ter has the same philosophy, and I like it 
quite a bit. 

I applied it to a number of machines. 
The table shows the results. Note that all 
the systems except the Bravo LP 4/33 are 
running Windows for Workgroups 3.11. 
The Bravo is running the latest version of 
Windows 3.1. Both Cheetah 486s have In- 
tel OverDrive DX2 chips, as does Super- 
Cow. In all cases unless otherwise noted, 
the only open application program is Win 
Tachometer. 

You will note there are three entries for 
the Cheetah 486/33, and that the first one 
is astonishingly slow compared to all the 
others, including the Cheetah 486/25. It 
was the value I got when I first went 
around testing the various machines. Need- 
less to say, I wasn't pleased: my main ma- 
chine, the one I spend my life at, is the 
slowest of the lot. 

A puzzlement. Clearly, the 486DX2/33 
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Packard, IBM, and Data 


General systems 
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for creating GUI front ends to 
host applications 
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Windows is a trademark of Microsoft Corporation. Microsoft is a registered trademark of Microsoft 
Corporation. DynaComm and FutureSo!t are registered trademarks of Future Soft Engineering, Inc. 
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processor is as fast as SuperCow and faster 
than the 486/25. It wasn’t likely to be the 
Perceptive Solutions caching controller; 
so it had to be the video card. On reflection 
that wasn't surprising. While | am quick to 
experiment with my other machines, I do 
not often make changes in Big Kat; so as 
improved video boards came in, they went 
to the other systems. Indeed, when I got 
out the records, I found that I was using 
one of the earliest ATI Technologies video 
accelerator boards, fully two years old (an- 
cient in the Windows business), and the 
video drivers weren't much more recent. 
Time for a change, and fortunately I had a 
new ATI Technologies Graphics Ultra Pro 
accelerator board. ] figured it wouldn't 
take long to install. 
That didn't turn out to be the case. 


I have often sworn to find and 
beat senseless the person who designed 
the IBM PC board-mounting system, and 
I have just renewcd my vows. I have yet to 
change boards in a big machine without 
losing at least one screw down in the sys- 
tem and tearing the skin off опе or more 
knuckles. Eventually I got the board in 
and powered up. No problems, so now it 


was time to install drivers. 

ATI has a nifty installation program that 
guides you at every step, and there was no 
difficulty copying over and activating the 
Graphics Ultra Pro drivers; but when 
| tried to access Windows for 
Workgroups, the system 
locked up to hardware re- 
set. This was serious, 
because the column 
was due, and this 
isn't a test-bed 
system, this is 
Big Kat, the ma- 
chine I do all my 
work on. This was 
panicsville. 

The ATI installation 
program has an uninstall, and if 
Га been thinking | would have used that, 
but all I could think of was a line from the 
musical Li'l Abner: “Put 'em back, the 
way they was!" ] took out the Graphics 
Ultra Pro accelerator board and put the old 
one back in, powered up, and while it 
worked just fine in DOS, I couldn't get 
into Windows. That forced a realization 
on me: while I write this column in Q&A 
Write, a DOS word processor, and I send 


it in with Procomm Plus 2.0, a DOS com- 
munications program, I would really hate 
it if 1 had to operate without Windows. In- 
deed, not only am I hooked on Windows, 
I’m hooked on Windows for Work- 
- groups and easy networking. 
| like my system, with the 
six CD-ROM drives and a 
whole bunch of other 
assets available on 
demand. 
Fortunately, 
there was a way 
DE to get back to 
ч where I was 
сагПег in the 
day. I may do some 
silly things, but I’m 
not crazy. Before І made 
any changes at all to Big Kat, I did a 
complete backup to the Palindrome DAT 
(digital audiotape) drive. Restoration was 
а snap: | deleted the entire CAWINDOWS 
directory and subdirectories, invoked 
Palindrome’s Network Archivist, and is- 
sued the command TNARECOV. 
Having said that, honesty compels a 
confession: it could have been that sim- 
ple, but it wasn’t. Instead, I fooled around 
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with Palindrome’s rather arcane command 
structure for a quarter of an hour and then 
in panic called Jeff Sloman, who often 
works with the Palindrome people. Alas, I 
was off by an hour on his time zone and 
woke him up. He was very nice about that, 
but he couldn't help, so I had to do the ul- 
timate: I found the Palindrome manual. 
Much of that manual is no model of clar- 
ity, but one section, on how to restore an 
entire volume, is not only clear, but gently 
written in soothing language designed to 
produce calm. [t told me to use TNARE- 
COV, which I did. Fifteen minutes later 
all was well. 


I fired off another fax to ATI Tech- 
nologies and went to bed, disgruntled that 
Big Kat was still the slowest machine in 


the house. The next morning 1 talked to 
Jeff Sloman as well as the ATI technical- 
support people. They all told me the same 
thing: ATI makes wonderful hardware, 
but their drivers are perhaps not the best. 
Jeff put it more strongly: "When you get 
ATI boards, you join the driver-of-the- 
week club." Everyone agreed that the ATI 
board would work, but I should get the 
latest ATI drivers. 

Those are available from the ATI BBS 
or from CompuServe. I don't currently 
have a CompuServe account, so there was 
nothing for it but to set the Demon Dialer 
to try to access the ATI BBS; after about 
20 tries I got through. The BBS gives clear 
instructions, and soon I was downloading 
the newest driver file. There was a lot of 
line noise, so this took longer than I 


For More Information 


The AnyView Screen Commander for Windows 
($69.95) lets you change screen resolutions 
without having to restart Windows. Contact 
Binar Graphics, Ince., 30 Mitchell Bivd., San 
Rafael, СА 94903, (415) 491-4182; fax (415) 
491-1164. Circle 1146 on Inquiry Card. 


! like the Bravo LP 4/33 (with 4 MB, $1467; 
with 8 MB, $1676; with 16 MB, $1885; 14- 
inch monitor, $402; 15-inch monitor, $517). 
Contact AST Research, Inc., 16215 Alton 
Pkwy., Irvine, CA 92718, (BOO) 876-4278 or 
(714) 727-4141; fax (714) 727-9355, Circle 
1147. 


The CD Sound Dimension Multimedia Upgrade 
Kit ($399) is easily installed and configurable, 
with easy-to-understand software. It gives pretty 
good sound, and the CD-ROM drive 15 fast and 
reliable. Fortunately, when it was time to 
change the video accelerator board in Big Kat, 

1 had a new Graphics Ultra Pro board ($499). 
Contact ATI Technologies, Inc., 33 Commerce 
Valley Dr. E, Thomhill, Ontario, Canada L3T 
7N6, (905) 882-2600; fax (905) 882-2620. 
Circle 1148. 


Installing Dr. Solomon's Anti-Virus Toolkit (for 
DOS, £99; for Windows, £125; for 05/2, 
£149) is simple, and the program runs itself. 
Contact 8&5 International, Ltd., Berkley 
Court, Mill St., Berkhamsted, Hertfordshire HP4 
2HB, U.K., +44 442 877877; fax +44 442 
877882. Clrcle 1149. 


The Library of the Future, 2nd Edition ($299) 
has a number of classic works on CD-ROM, 
some of which aren't readily available, If you're 
doing scholarly work, having the texts in 
electronic form for searches and comparisons 
is a real boon. Contact World Library, Inc., 
12914 Haster St., Garden Grove, CA 92640, 
(800) 443-0238 or (714) 748-7197; fax (714) 
748-7198. Circle 1150. 


MicroProse's Master of Orion ($59.95) is а 
game of interstellar colonization, conquest, and 
diplomacy. If you like complex strategy games, 
you'll like this a lot. Contact MicroProse, 180 
Lakefront Dr., Hunt Valley, MO 21030, (410) 
771-1151; fax (410) 771-1174. Circle 1151. 


The Microsoft Musical Instruments CD-ROM 
(PC and Mac versions, $79,95 each) has 
hypertext links, pictures of the instruments, 
explanations of the parts, sound recordings of 
the instruments in action, and the Sound Box, 
which lets you cilck on notes and hear the 
result. This CD-ROM is definitely a keeper. 
Contact Microsoft Corp., 1 Microsoft Way, 
Redmond, WA 98052, (800) 426-9400 or (206) 
882-8080; fax (206) 883-8101. Circle 1152. 


A small plastic stand with a spring to hold up 
your mouse tail, Mouse Tamer ($4.95) works 
wonders. | cannot imagine how | ever lived 
without this thing. Contact American Business 
Concepts, 4400 Sunbelt Dr., Dallas, TX 
75248, (800) 877-4797 or (214) 380-8724; 
fax (214) 407-9096. Circle 1153. 


No sound board has as good quality for the 
money as Turtle Beach's MultiSound ($599). 
if you're serious about sound, get this board. 
Contact Turtle Bench Systems, 52 
Grumbacher Rd., York, PA 17402, (717) 767- 
0200; fax (717) 767-6033. Circle 1154. 


When you get your CD-ROM drive set up, use 
Norton Speedrive ($99). It does a great job of 
speeding it up. Contact Symantec Corp., 
10201 Torre Ave., Cupertino, CA 95014, (800) 
441-7234 or (408) 253-9600. Circle 1155. 


A wonderful CD-ROM called Twain's World 
($39.95) has everything Mark Twain wrote and 
includes biographical data, maps, historical 
background, sounds, and video; a Twain lover's 
delight. It's a lot more than just books on CD- 
ROM. Highly recommended. Contact Bureau 
of Electronic Publishing, 141 New Rd., 
Parsippany, NJ 07054, (BOO) 828-4766 or 
(201) 808-2700; fax (201) 808-2676. Circle 
1158. 
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Pournelle 


thought, but eventually I had it. 

Once again I took out the old board and 
put in ATI Technologies’ Graphics Ultra 
Pro. Then I installed the latest ATI Mach 
32 drivers, accessed Windows, and found 
the machine locked up to hardware reset. 
This time, though, | ran the ATI uninstal- 
lation program. When I went to Windows 
Setup, I found there was no currently in- 
stalled video driver. One of my choices 
was the ATI Ultra Pro 1024 by 768 driver. 
I selected that, entered Windows without 
any problem at all, and when I ran Win 
Tachometer, I got the results shown in the 
second entry for the Cheetah 
486DX2/33. Pretty impres- 
sive, no? 

As an epilogue, I 
spent an hour today 
with ATI Tech- 
nologies’ technical- 
support people in a 
futile effort to make 
the Mach 32 dri- 
ver work with this 
system. Eventual- 
ly we gave up, 
concluding that 
there's some conflict with Windows 
for Workgroups 3.11. I can live without 
the Mach 32 driver until they get that fixed; 
meanwhile, it's nice to see Big Kat up 
there in contention as the fastest machine 
in the house. This certainly wasn't bad for 
a 4-year-old computer. 

Last-minute flash: the third entry is with 
the Graphics Ultra Pro with Mach 32 
drivers, which I was able to install by turn- 
ing off the 32-bit file access capability in 
Windows for Workgroups. I don't know 


Board Levei Disk 
Emulators 


e Direct replacement for 
mechanical drives in embed- 
ded systems 

e Capacities from 180K to 14MB 

* Flash, EPROM and battery- 
backed SRAM technologies 

* Mixed technology models 
available 

| «Dual Drive and Hard Drive 
emulation support 

e High performance and low 
cost models available 


why you must do this, and neither does 
ATI; but wow does it ever work. 


Bottom line on Windows for 
Workgroups: if you use Windows and are 
contemplating networks, seriously con- 
sider it; and if you are already using Win- 
dows for Workgroups, by all means up- 
grade to version 3.11. The new version 
fixes many bugs and glitches, although, 
alas, it does not solve the problem of it 
locking up when doing long writes across 
the network to optical drives. I can read 
from optical drives, and short writes are 
no problem; but copying 
a large directory can do 
some very weird 
things. More on that 
another time. 
Meanwhile, 
the panting 
sound punctuat- 
ed with cries of 
wild triumph you 
may hear in the 
background ts Alex 
celebrating. He 
now has Windows 
for Workgroups 3.11 working 
with Novell NetWare. Much more on that 
next month, along with a story from the 
front on Microsoft versus Novell. 


The gadget of the month is Mouse 
Tamer. This is about the simplest thing 
you can imagine, a small plastic stand with 
a spring to hold up your mouse tail. It 
works wonders. I used to have mouse-tail 
problems every hour or so. Even when the 
desk is covered by a paper blizzard, I can 


312" and 51⁄4" Disk 
Drive Models 


‘Read/Write Flash IDE 
drives with capacities 
from 2.5 to 40MB 

e DRAM Based high 
performance SCS! 
drives with capacities 
from 16MB to 256MB. 
Built-in battery back- 
up. Fast SCSI-2 
supports 10MB/s 
transfer rates. 


now reclaim my rodent. I cannot imagine 
how I ever lived without this thing. Rec- 
ommended. 


The computer book of the month 
is by Daniel P. Dem, The Internet Guide 
for New Users (McGraw-Hill, 1993); 
everything you need to know about get- 
ting onto the information highway. The 
book of the month is by Nicholas Bornoff, 
Pink Samurai, (Pocket Books, 1993); 
everything you ever wanted to know about 
the courtship, dating, and mating habits of 
the modem Japanese, with some interest- 
ing observations on Japanese culture. 

The game of the month remains Micro- 
Prose’s Master of Orion, but do be sure to 
download the latest bug fix patches from 
GEnie or the MicroProse BBS. Master of 
Orion is a game of interstellar coloniza- 
tion, conquest, and diplomacy, and, if you 
like complex strategy games, you'll like 
this a lot. 

Next month: Alex and the memory 
monster; the new Q&A for Windows; 
QEMM versus EMM386; Windows for 
Workgroups and NetWare; and a roundup 
of the usual suspects. It’s a great life if 
you don’t weaken. B 


Jerry Pournelle holds a doctorate in psychology 
and is a science fiction writer who also earns a 
comfortable living writing about computers present 
and future. Jerry welcomes readers’ comments 
and opinions. Send a self-addressed, stamped en- 
velope to Jerry Pournelle, c/o BYTE, One Phoenix 
Mill Lane, Peterborough, NH 03458. Please put 
your address on the letter as well as on the enve- 
lope. Due to the high volume of letters, Jerry can- 
not guarantee a personal reply. You can also con- 
tact him on the Internet or BIX at jerryp@bix.com. 


SOLID STATE Disk Emulators and PCMCIA Products 


PCMCIA Carddrives 
and Host Adapters 


e Add PCMCIA sockets to your 
desktop or embedded system 

„100% PCMCIA 2.1 compliant 

e Dual socket models available 

«Software support for all types 
of memory and I/O Cards 

e Support for Type ІІІ ATA 
Drive Cards 

«Internal model fits in 31/2” 
drive bay 

•Ехіета! models also available 


Features and 
Applications 


e Autoboot capability, all 
drives. Support for all popular 
operating sytems. High 
performance and solid state 
reliability. 

» Applications: Embedded 
Systems, Diskless PCs, High 
Performance PCs, LANs, 
Medical, CAD/CAM, POS, 
Industrial Control, Graphics 
Imaging, Multimedia, 
Database and On-Line 


Transaction Processing, etc. 


°8and 16 Bit ISA Bus support Industry Leader in Disk Emulation Products 
For PCMCIA Products circle 86, 


ITUsesobseoeoóoceovococcescccososonsenocscocccnoccenoevcee CURTIS, INC. OTHER Products circle 87 on Inquiry card. 


418 W. County Rd. D • St. Paul, MN 55112 * 612/631-9512=FAX 612/631-9508 
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Expand Sure!MAPS with detailed information 
on major metropolitan areas, 


FTTR" mr SENS‏ سك 
Siret maps let you pin-point locations by‏ 
address or latitude/longitude.‏ 


i ы س‎ 


BEFORE SURE!'MAPS, 
THIS WAS THE ONLY WAY 


TO ACHIEVE 
PIN-POINT ACCURACY. 


Now there's a better way: Sure!MAPS™ 
CD-ROM based desktop mapping software 
from Horizons Technology. No more 
colored stick pins, No more holes in your 
office wall. Sure! MAPS brings detailed mapping 
capabilities directly to your DOS or Windows PC. 
Import your database into Sure!MAPS to reveal geographic 
trends that will help you make faster and better business deci- 
sions. Whether it’s real estate listings, office locations, customer 
sites or virtually any kind of point-specific data, Sure!MAPS can 
open your eyes to a world of valuable insights. 

The Sure! MAPS base product includes a continental U.S. map 
and two world maps. You can expand your map coverage b 

ordering full-color raster USGS Map Sets o 

$199 majormetropolitan areas, complete with ter- 

RETAIL! rin contours and details like airports, parks, 

rivers, buildings and bridges. Street-level 
maps and satellite imagery are available, too. All you have to 
do ts pick the Map Set that contains your city or region and 
Sure!MAPS does the rest. It even imports spreadsheet and data- 
base files, calculates distance and area, and scrolls from map to 
map in one seamless presentation. 

Pin-point mapping will never be the same after Sure! MAPS. 
So throw away those little pins and call 1-800-828-3808. 

Or plot a course to your local distributor, reseller or computer 
store to get your copy today. 


Цол20пѕ Technology, Inc. 
3990 Ruffin Rd. 
San Diego, CA 92123-1826 
(800) 828-3808 

: Sure! MAPS is 1 trademark of Hurizons Technology, Inc. 
HORIZONS TECHNOLOGY, INC.” Street level maps are copyrighted by Etak, Inc. 
Circle 278 on Inquiry Card (RESELLERS: 279). 


DESKTOP INK-JET А 


Based on the company’s first in- 
ternally developed engine, Lex- 
mark’s (Lexington, KY) IBM 
ExecJet II 4076 prints at a speed 
of 300 characters per second in 
draft mode and at 167 cps in let- 
ter-quality mode for an output of 
3 ppm. The monochrome ink-jet 
printer ($349) includes features 
such as scalable fonts and Print 
Quality Enhancement Technol- 
ору for 600- by 300-dpi resolu- 
tion. Built-in ІВМ Proprinter 
data stream and HP DeskJet 500 
emulation provide compatibil- 
ity with most software applica- 
tions. 

Phone: (800) 358-5835 or 
(606) 232-2000. 

Circle 1314 on Inquiry Card. 


PARALLEL- 
PORT "rum 
BACKUP — 

À parallel-port tape-backup and 
recovery system, FileSafe Side- 
Carll ($475) is designed for peer- 
to-peer networks, stand-alone 
PCs, and portable computers. 
From Mountain Network Solu- 
tions (Scotts Valley, CA), the 
system's integrated pass-through 
allows sharing of the port with 
à printer. The unit stores up to 
305 MB of data on a single 
DC2120 cartridge and has a data 
transfer rate of up to 10 MB per 
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minute. The system is compati- 
ble with FileSafe for Windows 
and ships with the company's 
Format-on-the-Fly, which for- 
mats the tape as it is used. 
Phone: (408) 438-6650. 

Circle 1323 on Inquiry Card. 


SHARE A PRINTER 


The Sprinter 11 line of printer- 
sharing devices (from $499) lets 
multiple users share multiple 
printers. From Belkin Compo- 
nents (Compton, CA), the Sprint- 
er lI queues the data in its buffer 
as the data is sent and then 
directs it to the specified printer 
in the order received. With four 
output ports on each unit, Sprint- 
er П permits as many as four 
printers to be hooked up at a 
time. A cascade feature allows 
any computer to access any print- 
er anywhere on the Sprinter П 
network. 

Phone: (310) 898-1 100. 

Circle 1332 on Inquiry Card. 


MULTIMEDIA PC 

The Beethoven MPC-2 ($1495) 
is a TV-ready, 486SX-based, 
MPC Level 2-compliant PC. 
The 25-MHz Windows-based 
system from Wearnes Technol- 
ogy (San Jose, CA) includes the 
company's double-speed CDD- 
110 CD-ROM drive, which has a 


Hardware 


307-KBps transfer rate with a 
burst transfer rate of 1.2 MBps. 
The PC has audio pass-through, 
letting you play standard audio 
CDs in the background while 
you're running an application. 
The included Beethoven Wave/ 
DSP 16-bit stereo sound board 
has record and playback resolu- 
tions of from 5.5 kHz to 48.4 
kHz and is compatible with most 
standard sound boards. 

Phone: (408) 456-8838. 

Circle 1331 оп Inquiry Card. 


PRESENTATION SYSTEMS 

The Impact 256 dual-scan color 
passive-matrix projection system 
($4995) features a wireless re- 
mote control and built-in mem- 
ory that saves adjustments from 
previous viewing sessions. You 
can store up to 40 setup combi- 
nations; when the LCD panel 
senses the unique incoming 
УСА, SVGA, or Mac video sig- 
nal, it automatically applies the 
correct setting to provide the best 
image. The NovaCorp (Roches- 


ter, NY) panel also has the abil- 
ity to compress and display 
SVGA images of up to 800 by 
600 pixels on the panel's 640- 
by 480-pixel display. 

Phone: (716) 647-6510. 

Circle 1317 on Inquiry Card. 


The DPS-I ($5995) from Intel- 
liMedia (Benton Harbor, MI) is 
a self-contained digital presen- 
tation system with a Windows- 
based software utility. You in- 
sert a 3'A-inch disk containing 
your presentation, power up the 
system, and then use the infrared 
remote to control the presenta- 
tion or add audio and video ef- 
fects. Since the digital video sig- 
nals are produced directly within 
the system, the DPS-I provides 
computer-generated images and 
full-motion video. Two internal 
speakers provide sound from 
MIDI and WAV files. The unit 
displays resolutions of up to 640 
by 480 pixels. 

Phone: (800) 706-0077 or 
(708) 834-7141. 

Circle 1318 on Inquiry Card. 


CELLULAR DATA TRANSFER 


A 1-pound cellular 
communications device 
designed for use with 
portable computers, 
the AirCommunicator | 
lets you use your cur- | 
` rent software applica- | 
tions to send and re- 
ceive E-mail, faxes, and 
data files. When you 
unplug the device, you 
have a fully featured 
cellular phone. 
The AirCommunica- 


tor connects to the serial port of your portable PC and trans- 
mits over standard cellular phone networks; an RJ-11 jack lets 
you connect to standard phone lines. You can send data at a 
transfer rate of up to 57.6 Kbps and send and receive faxes at 
up to 14.4 Kbps. The device automatically switches between 
different standard protocols for maximum efficiency. Cost is 


$1495. 


Contact: Air Communications, Sunnyvale, CA, (800) 247-3282 


or (408) 749-9883. 
Circle 1308 on inquiry Card. 


NETWORK IN A KIT 

The Pocket WinLAN Instant 
Networking Kit ($229 per PC) 
from Apexx Technology (Boise, 
ID) provides everything you 
need to create a workgroup con- 
sisting of two to 30 PCs. You 
snap the included Pocket Win- 
LAN adapter onto your PC’s par- 
allel port, connect the PCs with 
the included phone cable, and in- 
stall Microsoft Workgroup Add- 
On for Windows 3.11 (which is 
also included) as your network- 
ing software. 

Phone: (800) 767-4858 or 
(208) 336-9400. 

Circle 1313 on Inquiry Card. 


EASY SOUND 

The 16-bit AudioBlitz Classic 
sound card ($79) from Genoa 
Systems (San Jose, CA) is com- 
patible with all industry stan- 
dards, such as Sound Blaster, 
AdLib, and Windows Sound 
System. You can record and play 
back sound 1п 8- or 16-bit mode, 
and you have a choice of com- 
pression methods. The card in- 
cludes an FM synthesizer, direct 
line level and microphone input 
for recording, and an internal 
4-W amplifier to enhance output. 
Phone: (800) 934-3662 or 
(408) 432-9090. 

Circle 1319 on Inquiry Card. 


NETWORK PROTECTOR 


The LANMax line of power-pro- 
tection devices (from $99) pro- 
tects your network from power 
surges and spikes on your data 
and AC lines. The Panamax (San 
Rafael, CA) suppressors provide 
ground-reference equalization 
between your communications 
and power systems, as well as 
protection against ground differ- 
entials between nodes on the net- 
work. Targeted toward worksta- 
tions and other equipment at the 
node, the devices have multiple 
AC outlets and RJ-11/45 (in/out) 
outlets. The LANMax suppres- 
sors provide protection for Ether- 
net |OBase-T, token ring, Apple- 


Шань | 
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5948. 


(408) 943-0165. 
Circle 1310 on inquiry Card. 


` 


Talk, and ARCnet running on 
UTP cable. 

Phone: (800) 472-5555 or 
(415) 499-3900. 


Circle 1324 on Inquiry Card. 


TWO COLOR TECHNOLOGIES 
IN ONE PRINTER 


Fargo Electronics’ (Eden Prairie, 
MN) Photo-Realistic Upgrade 
Kit ($249.95) combines dye-sub- 
limation and thermal-transfer 
technology in the Primera Color 
Printer. After you upgrade the 
printer driver in your PC, Mac, 
or Amiga, you can use your 
Primera to print quick proofs via 
wax-thermal transfer and then 
replace the wax-thermal-trans- 
fer ribbon with the dye-sublima- 
tion ribbon to get high-quality 
prints. 

Phone: (800) 258-2974 or 
(612) 941-9470. 

Circle 1320 on Inquiry Card. 


PCMCIA ETHERNET 
The NE4000T ($299) and 
NEA000 ($349) adapters connect 


App A PCMCIA Stor To Your PC 


Тен aaa ҒҰН imag hia ана in ЁЮ 


The Dockit Socket lets you use PCMCIA cards with your current 
386 or 486 desktop PC. You simply install the Docklt Socket in 
a free drive bay in your unit for access to most PCMCIA Type І, 
II, Ш, and larger peripherals. The socket reads data from the 
card at an average data transfer rate of 230 KBps. The unit 
costs $249; with a MiniStor 128-MB PCMCIA card, the cost is 


Contact: MiniStor Peripherals, San Jose, CA, (800) 943-0165 or 


PCMCIA-compatible notebooks 
to Ethemet networks. From Mi- 
crodyne (Alexandria, УА), the 
МЕ4000Т supports 10Ваѕе-Т 
UTP cable. The NE4000 in- 
cludes a stainless-steel base unit 
and a media coupler that sup- 
ports BNC 10Ваѕе-2 cable. 
Phone: (703) 739-0500. 

Circie 1322 on inquiry Card. 


A FLEXIBLE, 
PORTABLE PLOTTER v 


The Draftsman 100 portable plot- 
ter from Parallex (Indialantic, 
FL) produces full D-size draw- 
ings. Designed with a traveling 
arm, the plotter uses standard 
Hewlett-Packard 
pens that move in 
both the x and y 
axes at a speed of 
9/: inches per 
second while the 
paper remains sta- 
tionary. The 5- 
pound Draftsman 
100 ($1198) can | 
be table- or wall- 
mounted, Connec- 


tion to your computer is via the 
parallel port. 

Phone: (407) 952-4310. 

Circie 1321 on inquiry Card. 


BAR CODE READER 
WITH A VOICE 


With a prerecorded custom voice 
prompt, the TriCoder Portable 
Reader (from $799) lets you 
record up to 65 voice messages 
to be broadcast at specific data- 
entry steps and errors. You can 
program the reader or use the 
built-in default inventory pro- 
grams, and you can upload to the 
host computer with the provid- 
ed BASIC programs or your own 
communications program, such 
as Procomm or Q-Modem. The 
package is from Worthington 
Data Solutions (Santa Cruz, CÀ). 
Phone: (800) 345-4220 or 
(408) 458-9938. 

Circle 1315 on Inquiry Card. 


VL-BUS CONTROL FOR IDE 

The CSA-6210 32-bit VL-Bus 
IDE disk controller ($69) sup- 
ports up to four IDE drives, two 
serial ports, and one bidirection- 
al parallel port. From CMD 
Technology (Irvine, CÀ), the 
card is compatible with software 
features such as NetWare disk 
mirroring; Windows NT RAID 
0, 1, and 5; Windows FastDisk; 
and MS-DOS driver support. 
Sustained transfer rates are as 
high as 8.2 MBps, and peak 
transfer rates are as high as 8.33 
MBps. 

Phone: (800) 426-3832 or 
(714) 454-0800. 


Circle 1325 on Inquiry Card. 
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What’s New Hardware 


WORKGROUP DYE-SUBLIMATION PRINTER 


Tektronix’s new Phaser 
480 is a full-bleed 11- by 
17-inch dye-sublimation 
color printer. Its built-in 
support for PostScript 
Level 2 provides raster- 
image processing at 
speeds of less than 3 
minutes for a three-pass 
tabloid-size page and less 
than 4 minutes for a four- 
pass color page, Tek- 


tronix says. The Phaser 480 is designed to address a wide 
range of graphic arts and scientific and engineering applica- 
tions, and it has automatic intelligent switching among its par- 
allel, serial, and AppleTalk ports and protocols. 

The printer's base 32-MB memory is expandable to 64 MB 
in 16-MB increments. Using the Phaser Print plug-in for Adobe 
Photoshop software, you can print large Photoshop raster files 
across a network at nearly the speed of a dedicated, directly 
connected raster printer, according to Tektronix. The printer 


costs $14,995. 


Contact: Tektronix, Wilsonville, OR, (800) 835-6100 


or (503) 682-7377. 
Circle 1311 on inquiry Card. 


CD-ROM FOR YOUR NETWORK 
Procom Technology's (Irvine, 
CA) CD Tower-7 subsystem 
(from $2795) lets you share CD- 
ROM applications over a net- 
work. The CD Tower-7 has from 
two to seven double-speed CD- 
ROM drives with up to 4.2 GB 
of storage; you can simultane- 
ously access data stored in any 
drive. The drives offer sustained 
data transfer rates of up to 330 
KBps and an average access time 
of 200 ms. 

Phone: (714) 852-1000. 

Circle 1327 on Inquiry Card. 


DISPLAY SUPER VIDEO IN 
WINDOWS OR DOS 


Super VideoWindows-SL ($895), 
from New Media Graphics (Bil- 
lerica, MA), displays full-motion 
video in a window on your PC 
screen. You can infinitely scale 
the window from full-screen size 
to icon size, and you can locate 
it anywhere on the screen while 
you run other applications. Su- 
per VideoWindows-SL runs in 
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Windows or DOS and can grab 
individual frames of video in 
PCX, BMP, SVW, and TGA file 
formats for porting to other ap- 
plications. 

Phone: (508) 663-0666. 

Circle 1326 on inquiry Card. 


SMART SECURITY v 

The Smart CAT (Computer- 
Access Authentication Termi- 
nal) from V-One (Virtual Open 
Network Environment, Potomac, 
MD) uses smart-card technol- 
ogy to safeguard the security of 
your computer network as well 
as your personal information. 
Comprising the card and a card- 
reader terminal that attaches 
to your computer, Smart CAT 


($395) operates in Windows 3.1 
and works independently of your 
network software. A chip on the 
card stores information that lets 
you access your passwords; you 
activate the card via a PIN. The 
card encrypts files via DES with 
a separate key that's randomly 
generated for each file. In addi- 
tion to storing private informa- 
tion, you can store information 
that's open to public view. 
Phone: (301) 983-8362. 

Circle 1312 on Inquiry Card. 


VOICE ANNOTATION 
ON THE ROAD 


The 2'^-pound, 486SLC-based 
DTR-Sound System ($2995) 
provides voice annotation, busi- 
ness audio, and multimedia func- 
tions. From Dauphin Technology 
(Lombard, IL), the unit lets you 
perform tasks such as recording 
voice memos or describing a 
spreadsheet. The mobile system 
includes an internal fax modem, 
4 MB of RAM (expandable to 8 
MB), a 40- MB hard drive, stan- 
dard 1/O ports, an internal mi- 
crophone, two external speakers, 
and an external microphone. 
Phone: (708) 971-3400. 

Circle 1329 on Inquiry Card. 


A CELLULAR MODEM 
The Cellect 14.4 PCMCIA mo- 
dem ($549) from Motorola UDS 
(Huntsville, AL) features the 
company's Enhanced Cellular 
Control (EC?) to improve cellu- 
lar data reliability while retaining 
compatibility with CCITT- and 
Bell-compliant modems. The 
modem connects to any data-ca- 
pable Motorola MC* MicroTAC 
cellular phone. The modem has 
a maximum throughput rate of 
, 57.6 Kbps and supports 
2 standard asynchronous 
II speeds down to 300 bps; 
| it also supports UUCP 
spoofing for high-speed 
Unix applications. 
| Phone: (205) 430-8000. 
Circle 1328 
i оп Inqurly Card. 


PLUG-IN DIAGNOSTICS 

The POSTcard V2 plug-in diag- 
nostic board ($499.95) monitors 
POST routines, provides contin- 
uous bum-in testing of the pre- 
boot function, and supports com- 
prehensive system-function and 
component diagnostics for 386, 
486, and Pentium PCs. From 
Unicore Software (North An- 
dover, MA), the diagnostic board 
tests, sources, and pinpoints IRQ 
and DMA conflicts and moni- . 
tors any 16-bit port address, 
Phone: (508) 686-6468. 
Circle 1316 on Inquiry Card. 


TYPE WITH YOUR THUMBS 

The Touch Edit keyboard (from 
$99) adds eight extra keys be- 
low the space bar that you touch- 
type with your thumbs. Five of 
the extra keys are standard edit- 
ing keys, such as the arrow and 
delete keys; the other three are 
new keys that move the cursor 
by an entire word in either di- 
rection or delete a word. The Key 
Innovations (Minnetonka, MN) 
keyboard reduces the number of 


editing keystrokes by a factor of 
five, according to the company, 
and it eliminates right-wrist flex- 
ion by shifting the strokes to your 
thumbs. 

Phone: (612) 724-7745. 

Circle 1333 on Inquiry Card. 


TAKE YOUR MOUSE ANYWHERE 
The Mouse Slide ($24.95), from 
Creative Computer Accessories 
(Walnut Creek, CA), attaches to 
the bottom of most notebook 
computers and slides out for use 
as a mouse pad. You can extend 
the platform to either side of your 
notebook. 

Phone: (510) 934-1930. 

Circle 1330 on Inquiry Card. 


The inspiration for our new Club World seat. 


i Ion Венн Airways 


With an adjustable lumbar support, a newly designed footrest and the privacy of side headrests, you'll 
think you're flying on cloud nine. Its the way we make you feel that makes us the world’s favourite airline. 


BRITISH AIRWAYS 
The worlds favourite airline" 


Circle 74 on Inquiry Card. 


What's Software 


DROP AND DRAG GROUPS ACROSS DISPARATE PLATFORMS 


The Gentium eis 1.0 analytical applications development environment is a multiplatform system for 
use with EIS/DSS (Executive Information Systems and Decision Support Systems). According to Plan- 
ning Sciences, Gentium uses open-systems design standards and features a point-and-click object- 
oriented interlace, united data acces and ros platform portali All EIS/DSS features, such 
as multidimensional databases, data modeling, matrix 
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WORKGROUP DATA SHARING 
The network version of askSam 
for Windows ($1095 for five 
users) is a free-form database 
that combines database, word 
processing, text-retrieval, and 
OLE functions. From askSam 
Systems (Perry, FL), the soft- 
ware lets you share unstructured 
data such as personal notes, E- 
mail, marketing information, and 
government regulations. 
Phone: (800) 800-1997 or 
(904) 584-6590. 

Circle 1275 on Inquiry Card. 


ZANY FONTS > 
Font-o-Matic ($59.95), a 
utility from Altsys (Rich- 
ardson, TX) , enables you 
to create unusual True- 
Type fonts from any 
TrueType or PostScript 
Туре 1 font. Via the GUI 
you can enlarge, rotate, or 
skew your fonts and then 
add designs such as cow 
spots, swiss-cheese holes, 
or cactus prickles to a 
copy of the original font. 
Each new font is accessi- 
ble from any Windows 
application. 

Phone: (800) 477-2131 
or (214) 680-2060. 

Circle 1283 

on Inquiry Card. 
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¥ 1 reporting, charts and graphs, and exception reporting, 
| are provided as objects that you can assemble and 
reuse without writing code. 

Gentium lets you create workgroups encompassing 
users across disparate platforms and networks. Users 
can retain the operating-system interface they are most 
familiar with, share information concurrently within a 
group, and be moved from group to group. Cost is $2340 
per user for 25 users or $1222 per user for 100 users. 


zi | Contact: Planning Sciences, Roswell, GA, 


| (404) 772-9767. 


TCP/IP FOR DOS AND WINDOWS 
А TCP/IP package, Piper/IP 
($375) uses less than 6 KB of 
base memory and has a data 
transfer rate of up to 500 KBps. 
From Ipswitch (Wakefield, MA), 
Piper/IP has a Winsock interface 
and is compatible with NetWare, 
Vines, LAN Manager, LAN 
Server, and Windows for Work- 
groups. The package has a set of 
TCP/IP utilities, NetBIOS, and 
an SNMP agent. Support is in- 
cluded for SQL databases, ter- 
minal emulators, the X Window 
System, and Internet utilities. 
Phone: (617) 246-1150. 

Circle 1276 on Inquiry Card. 


BCD 


| Circle 1271 on Inquiry Card. 


EASY 3-D ANIMATION 

3D Choreographer ($149.95), 
from AniCom (Columbia, MD), 
offers a no-fuss way to integrate 
3-D animation into your presen- 
tation, report, or multimedia pro- 
duction. You select an actor by 
clicking on an icon and then 
draw a path that is divided into 
time points for the actor to fol- 
low. You use commands to tell 
the actor what to do. You can 
also create your own actions (or 
complex actions via layering 
multiple actions). The package 
supports OLE and generates an- 
imation files in Autodesk FLC 
format, allowing you to use 3D 
Choreographer as a stand-alone 
package. 

Phone: (800) 949-4559 or 
(410) 799-1060. 

Circle 1277 on Inquiry Card. 


ADD ZIP TO WINDOWS 

The DynaZIP Data Compression 
Library for Microsoft Windows 
($295 per developer station) lets 
you incorporate into your pro- 
grams the capability to read, test, 
create, modify, and write indus- 
try-standard ZIP files without 
having to shell to DOS. Com- 
patible with any DLL -capable 
high-level language such as C, 
С++. and Visual Basic, the In- 
ner Media (Hollis, NH) package 


provides information about ZIP 
file items, dual-progress moni- 
tor callback capabilities, and sta- 
tus and error reporting. 

Phone: (603) 465-3216. 

Circle 1278 on Inquiry Card. 


NETWORK DESKTOP MANAGER 
An SNMP-based desktop man- 
agement system for Windows, 
Newtwatch ($495) from Net- 
Manage (Cupertino, CA) lets you 
manage and analyze remote 
desktop PCs running the com- 
pany's Newt TCP/IP stack and 
SNMP agent or other desktop 
SNMP agents. You can also use 
the software to manage and ana- 
lyze other network resources, 
such as bridges, hubs, and 
routers. The system's Newttrace 
software lets you capture, view, 
and analyze all inbound and out- 
bound TCP/IP traffic on your 
Windows PC. 

Phone: (408) 973-7171. 

Circte 1279 on Inquiry Card. 


CALCULATE 


[. 9] IN WINDOWS 


аме 
in-one calculator "= 
utility for Windows, MasterCalc 
($49) includes Mini, Math, Busi- 
ness, Statistical, Unit, and Pro- 
grammer's calculators. From 
Borys (Hanover Park, IL), Mas- 
terCalc includes user-friendly 
graphics; а 15-digit precision 
rounding option; an unlimited, 
easy-to-access memory location; 
and pop-up windows. MasterCalc 
supports display formats, such as 
decimal, scientific, fractional, and 
combined, which you can cus- 
tomize. You can choose differ- 
ent formats for input and output 
and control conversions from one 
representation to another. 
Phone: (708) 837-9680. 
Circle 1281 on Inquiry Card. 


PUT SERVER CAPABILITY ON 
YOUR PC > 


Entire Reporting Workstation for 
Windows (from $270 per copy) 
lets you use Windows to access 
enterprise data from multiple 
files and bring it to your desk- 
top PC for additional processing 
and analysis. From Software AG 
(Reston, VA), Entire Reporting 
Workstation allows you to ex- 
port and import reports into oth- 
er formats, letting you use the 
information in applications such 
as Excel or Word. 

Phone: (703) 860-5050. 

Circle 1287 on Inquiry Card. 


GET COMPUTER CLOCK 
ACCURACY 


Clockwright ($39), a utility from 
Barberry Hill Software and En- 
gineering (Woodstock, VT), 
maintains the exact time on PCs 
running DOS, Windows, or 
OS/2. Able to reduce the error 
of the system clock to 1 second 
per week or less, Clockwright 


Not Just A DOCUMENT MANAGEMENT SYSTEM 


ENTIRE Fleparting Worketetion [C3ERCIPACHTE.RPT] 
Tacht О мата lon Graph 


calculates clock-speed error after 
two clock corrections are made. 
The program automatically cor- 
rects the clock setting during 
start-up or any other mandated 
time. You can switch among 
standard, daylight saving, uni- 
versal, or local-mean-time 
modes. 

Phone: (802) 457-2654. 

Circle 1282 on Inquiry Card. 


SoftSolutions 4.0 combines document management, work- 
flow control, and a client/server architecture to create a work- 
group environment that spans LANs and WANs, yet it gives 
individuals the capability to solve their particular needs. The 
document desktop is customizable, with icons representing 
documents, applications, file folders, and saved document 


searches. 


OLE 2.0—compatible, SoftSolutions includes open database 
connectivity and is SQL compliant. The software is integrated 
with Reach Software's Workman and can work with word pro- 
cessing and spreadsheet packages such as 1-2-3, WordPerfect, 
and Word. E-mail, the Enterprise Administrator, and the fuzzy 


Каи} Tatame at De itap 


logic-based In- 
telligent Search 
are (included. 
Cost is $495; 
additional work- 
stations аге 
$295 each. 
Contact: SoftSo- 
lutions Technolo- 
gy. Orem, UT, 
(801) 226-6000. 
Circle 1272 

Дд on Inquiry Card. 


YOUR OWN LAN MECHANIC 
LAN Mechanic (from $199) is 
а network management utility 
for Artisoft LANtastic networks. 
From Micro Mechanic (Boulder, 
CO), LAN Mechanic features а 
repair module for network 
shared-resource hard drives, an 
unattended hard drive integrity- 
check module, capacity thresh- 
olds for hard drives, alerts for 
DOS and Windows screens as 
well as for the paging module, 
and a remote сапог for worksta- 
tions and file servers. А view 
manager for each file server and 
workstation shows RAM avail- 
ability, resource use, and a sys- 
tem and memory summary. 
Phone: (303) 443-0091. 

Circle 1280 on Inquiry Card. 


JOB SCHEDULING MADE EASY 
EcoScheduler (from $8000) lets 
you schedule batch jobs for your 
enterprise system based on cal- 
endar events, the status of other 
jobs, and the level of resources 
required by a job. You can use 
the Compuware (Farmington 
Hills, МЇ) software to schedule a 
job or groups of jobs and specify 
limits on the amount of computer 
and database resources used by 
a job. EcoScheduler maintains 
a log of the current status of all 
jobs, which you can view, print, 
and manipulate. 

Phone: (313) 737-7300. 

Circle 1285 on Inquiry Card. 


Software Update 


Saber LAN Workstation 2.0, 
Saber Software (Dallas, TX), 
adds centralized file and soft- 
ware distribution, an ad- 
vanced program- 
ming language, 
=| remote alarm no- 
tification, a desktop launch- 
ing utility, and a control panel 
that replaces the Windows 
control panel. From $179. 


Phone: (800) 338-8754 or 
(214) 361-8086. 
Circle 1288 on inquiry Card. 


BookWise 2.0, Xerox Imaging 
Systems (Peabody, MA), 
includes an advanced version 
of the company’s OCR soft- 
ware, editing capabilities 
from within the Book Wise 
program and file manage- 
ment, compatibility with 
Hewlett-Packard’s scanners, 
and automatic page orienta- 
tion. $1295. 


Phone: (800) 248-6550 or 
(508) 977-2000. 
Circle 1289 on Inquiry Card. 


Learn to Speak Spanish 4.0, 
HyperGlot Software (Knox- 
ville, TN), features 60 Quick- 
Time or QuickTime for Win- 
dows movies, a 350-page 
workbook, and an enhanced 
interface. $149. 


Phone: (800) 726-5087 or 
(615) 558-8270. 
Circle 1290 on Inquiry Card. 


Opti-Net NLM 2.0, Online 
Computer Systems (German- 
town, MD), is Novell certi- 
fied and provides new 
diagnostics, improved admin- 
istration functions for large 
database manipulation, client 
caching, seamless use across 
NetWare 3.x and 4.x operat- 
ing systems, access to logi- 
cal-unit-number CD-ROM 
drives, and support for ISA 
SCSI host adapters in 

servers that are equipped with 
more than 16 MB of RAM. 
$1495 for a 100-workstation 
license. 

Phone: (800) 922-9204 or 
(301) 428-3700. 

Circle 1291 on Inquiry Card. 
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Тһе Vream Virtual Reality Development System lets you draw- 
whatever objects you want in your 3-D world using a set of 
3-D drawing tools within the Vream 3D World Editor. To make 
your virtual world interactive, you define the logical link struc- 
tures of the objects. After you've defined your world, you can 
enter it and interact with it in real time using the Vream Run- 
time System. You can walk through your creation and then 
grab and move objects with the virtual hand to activate the 
linked structures. The package costs $795. 


Contact: Vream, Chicago, IL, (312) 477-0425. 


Circie 1273 on Inquiry Card. 


LONG FILENAMES PERMISSIBLE 
A' Windows- and DOS-compat- 
ible document manager that lets 
you create file and directory 
names up to 255 characters long, 
QuickFind ($49.95) works from 
within your application. From 
View Software (Palo Alto, CA), 
QuickFind lets you give mean- 
ingful names to your files, offer- 
ing an intuitive alternative to file- 
searching and indexing systems. 
Integrated with an application, 
QuickFind enhances the File 
Open and File Save As com- 
mands and dialog boxes; it also 
provides a migration path to long 
filenames that are native to Win- 
dows NT. 

Phone: (800) 487-8439 or 
(415) 856-8439, 

Circle 12B4 on Inquiry Card. 


CROSS-PLATFORM CD-ROM 


The QuickView multimedia 
viewer for Macs (developer’s kit, 
$495) emulates the functionality 
of Microsoft’s Multimedia View- 
er 2.0. From Altura Software 
(Pacific Grove, CA), Quick View 
lets you develop CD-ROM titles 
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that will play on Macs and in 
Windows. The software includes 
complete file compatibility with 
HPJ and RTF files; context-sen- 
sitive help; hypertext links; and 
PICT, BMP, and segmented hy- 
pergraphics support. Quick View 
also supports Mac sound files 
and Windows WAV files, em- 
bedded panes and windows, full 
text search and retrieval, exter- 
nal commands, and support for 
QuickTime and АУІ movies. 
Phone: (408) 655-8005. 

Circle 1286 on Inquiry Card. 


WRITE IN KANJI IN WINDOWS 

A Japanese word processor for 
Windows, Kanji Word ن‎ has 
à fully configurable р 
kana/kanji front-end 
processor that allows 
you to enter Japanese 
phonetically using an 
English keyboard. 
Pacific Software 
Publishing’s (Mercer 
Island, WA) package 
comes complete with 
two built-in fonts: a 
16-pixel Japanese 


bit-map font for on-screen view- 
ing and a 48-pixel Mincho- 
Japanese bit-map font that pro- 
vides clean Japanese output. 
Phone: (206) 232-3989. 

Circle 1303 on Inquiry Card. 


SAFE PASSAGE FOR E-MAIL 
MailWatch (from $5000) alerts 
network administrators and mail 
recipients on a multiplatform 
LAN of blockages that prevent 
the delivery of E-mail. The Uni- 
plex Enterprise Systems group 
(Greenwich, CT) tool monitors 
E-mail systems such as cc:Mail 
via graphical representation of 
the mail network and provides 
early warning of problems. One 
PC can monitor an entire mail 
network, or Mail Agents installed 
at several points throughout the 
network can do the monitoring. 
Phone: (203) 661-4404, 

Circle 1338 on Inquiry Card. 


A FIRST ADDITION w 

Now a stand-alone package, 
InfoPublisher Database Addition 
2.0 ($199) from Aldus (Seattle, 
WA) links PageMaker 5.0 for 
Windows to database manage- 
Ment systems such as Paradox 
3.5, Access, and FoxPro. The 
software provides improved 
ASCII text-file support and com- 
plies with Microsoft’s ODBC 
protocol. Features include the 
ability to launch InfoPublisher 
as an Addition from within Page- 
Maker and automatic updates to 
reflow stories based on data or 
format changes. 

Phone: (206) 622-5500. 

Circle 13065 on Inquiry Card. 
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Software Update 


Raosoft Survey 2.5, Raosoft 
(Seattle, WA), offers addi- 
tional options for forms de- 
sign, additional capacity in 
analysis and reports, expand- 
ed data-entry support, and an 
intuitive calculation option. 
$495. 

Phone: (206) 525-4025. 
Circle 1292 on Inquiry Card. 


| Corel Ventura 
4.2, Corel 
(Ottawa, 
Ontario, 
Canada), 
combines 
Ventura Publisher, DataBase 
Publisher, support for Adobe 
Acrobat, and faster font load- 
ing. $249. 

Phone: (800) 772-6735 or 
(613) 728-8200. 

Circle 1293 on inquiry Card. 


Insync 1.1, Syn- 
ergy Solutions 
(Mesa, AZ), 
includes a two- 
| port version of 
Modem Assist Plus network 
modem sharing. $495. 


Phone: (602) 545-9797. 
Circte 1294 on Inquiry Card. 


Rescue 5.0, AllMicro (Clear- 
water, FL), gives you the 
ability to recover data from 
compressed drives, bypasses 
bad or destroyed partitions 
and root-directory damage to 
recover by filename, lets you 
choose which FAT to use, 
and is friendlier and quicker. 
$349. 


Phone: (800) 653-4933 or 
(813) 446-6660. 
Circle 1295 on Inquiry Card. 


DeltaGraph Pro 3, DeltaPoint 
(Monterey, CA), has been 
redesigned with a streamlined 
interface and now has a mul- 
tiview configuration. New are 
13 charts; a charting engine; a 
chart advisor; support for 
multiple documents; compati- 
bility with Pantone ColorUP; 
and eyedropper, shadow, and 
blend tools. $195. 


Phone: (408) 648-4000. 
Circle 1296 on Inquiry Card. 


Your software pro rams 
were — 


Then se thing clicked. 


If you're tired of playing matchmaker 


to software applications (even ones 
from the same vendor), youll be pleased 
to hear this. There is a product that does 

it for you, now. Prodea Synergy" makes 
the programs you already have, and what you've built with them, work together. A few points 
and clicks, and applications will exchange just about everything but valentines. 


Mr. R. Lee Allen of Schering-Plough, a company already using Prodea Synergy, 


put it less romantically MS Access Quattro Pro Harvard Graphics CC Mail 
lj ~. гон Fi ‘ 
although no less enthusiasti- | 
Query ОВ Sales — Sales Charts Report Dist. 


cally. "It's not like anything out Drag and drop tbe icone, connect them with arrows. Data flows automatically. 
there before. It's more than OLE or DDE. It transcends both languages and APIs.’ 

You should also know that what you build is easy to pass on to others, without 
worrying about hot links, paste links or file location. Prodea Synergy runs under 
Windows; costs $495 and has a 30-day money-back guarantee. For a limited time you 


also get a $200 introductory cash rebate. Са us at 1-800-PRODEA-1. Your software 


programs will never look at one another the same way again. Syn ergy” 


© 1993 Prodea All products and brand names are trademarks or registered trademarks of thew respecuve owners 
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ACCESS UNIX FROM 05/2 
XoftWare/32 3.0 (from $395) 
is now available for OS/2 plat- 
forms in addition to Windows. 
From AGE Logic (San Diego, 
CA), XoftWare/32 lets you use 
your PC to access and display 
network-based Unix applica- 
tions simultaneously with OS/2, 
Windows, and DOS applica- 
tions. Features include a com- 
prehensive Network File Man- 
ager utility with file transfer and 
local printing capabilities, an 
interactive Telnet client, and 
a Windows- and OS/2-based 
Trace utility. The Windows ver- 
sion adds a Unix print reroute 
utility, support for installation 
from a remote server, and 24-/ 
16-bit color support. 

Phone: (619) 455-8600. 

Circle 1302 on Inquiry Card. 


05/2 SCHEDULER 

Sytos Scheduler ($99) is a sched- 
uling utility for Presentation 
Manager that runs automated or 
background events, such as com- 
mand and executable files, un- 
der OS/2. Sytos Scheduler en- 
ables you to plan single or 
multiple scheduled events to run 
once or according to your speci- 
fied schedule. You can specify 
the start and end times and dates 
and exclude events from running 
on certain dates, such as holi- 
days. You can use the Sytron 
(Westborough, MA) utility as a 
stand-alone scheduling utility for 
OS/2 or as an enhanced sched- 
uler for Sytos Plus for OS/2 pro- 
cedures. 

Phone: (508) 898-0100. 

Circle 1337 on Inquiry Card. 


SCREEN-SAVER SELECTION 

Art and photographic images are 
the mainstay of Second Nature 
Software’s (Portland, OR) 30 
screen-saver/wallpaper collec- 
tions for Windows 3.1 ($15 per 
collection). Each collection has 
22 256-color images such as but- 
terflies, national parks, impres- 
sionist paintings, classic cars, 
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CREATE AN 
IMPACT 


ClarislImpact | 
1.0 for Macin- 
tosh automati- 
cally creates 
the graphics 
you define and 
updates them 
when you spec- 
ify changes. 


2 
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With its integrated word processing capability, Clarislmpact 
creates reports and memos with business graphics, a 

wrapping text around the graphics. The software enables you to 
create slide presentations with professionally designed back- 
grounds and special effects. The Claris graphics engine pro- 
vides seamless cross-platform compatibility between Macin- 
toshes and Windows for Claris E products. The package 


costs $399. 


Contact: Claris Corp., Santa Clara, CA, (408) 987-7000. 


Circle 1274 on Inquiry Card. 


and space voyages. 
Phone: (503) 291-9500. 
Circle 1307 on Inquiry Card. 


Claris Clear Choice's (Santa 
Clara, CA) Imaginaria ($49) is 
a multimedia screen-saver col- 
lection for Windows. Images, 11 
animated transition screens, and 
15 surrealistic story modules 
come with original sounds and 
music. 

Phone: (408) 987-7000. 

Circle 1308 on Inquiry Card. 


HOP OVER TO PROBABILITY 


CALCULATIONS т 

The Electronic Handbook of 
Probability, or eHop ($49), cal- 
culates p values and percentage 
points for 28 probability distri- 
butions. The Windows 3.1 util- 


ity provides distribution statis- 
tics, formulas, random samples, 
and graphical output for each dis- 
tribution. From Crunch Software 
(Oakland, CA), eHop also pro- 
vides information and references 
for each distribution. 

Phone: (510) 562-9900. 

Circle 1304 on Inquiry Card. 


SIMPLICITY IS A PIM 

An entry-level PIM, Ecco Sim- 
plicity ($149) has an intuitive 
start-up screen that lets you start 
working quickly. From Arab- 
esque (Bellevue, WA), Ecco 
Simplicity has profession-spe- 
cific templates that access Ecco 
Professional’s dynamic infor- 
mation-linking abilities. Graph- 
ical calendar views display the 
month and week al a glance; to- 
do items can be in color to help 
, distinguish them from 
appointments. Calen- 
4 dar, phone book, and 
| outline views are іп- 
3 | tegrated, so you don't 
have to enter your in- 
formation more than 
once. 

Phone: (206) 885- 
4272. 

Circle 1306 

on Inquiry Card. 


Software Update 


SCSI Director Professional 3.0, 
Transoft (Santa Barbara, CA), 
features integrated driver sup- 
port for major CD-ROM for- 
mats, supports Apple's SCS] 
Manager 4.3, and is SCSI-2 
compatible. $199. 


Phone: (805) 565-5200. 
Circle 1297 on Inquiry Card. 


PacketView 1.10, Klos Tech- 
nologies (Merrimack, NH), 
supports the Open Data-Link 
Interface, expands support for 
the NetBIOS protocol, pro- 
vides enhanced data-sharing 
with the Network General 
Sniffer, adds symbolic sup- 
port for SNMP Object IDs, 
and supports FDDI networks. 
$299. 


Phone: (603) 424-8300. 
Circle 1298 on Inquiry Card. 


Coherent 4.2, 
Mark Williams 
Co. (North- 
brook, IL), can 

| run over 50 
third-party soft- 
ware packages, adds a user- 
interface shell and a Unix 
System V-style print spooler, 
and supports SCSI and floppy 
tape drives. From $99.95. 


Phone: (708) 291-6700. 
Circle 1299 on Inquiry Card. 


Mirror-Fax with Voice 2.0, Soft- 
m Klone (Talla- 

au hassee, FL), 

| features data, 

| fax, and voice 

capabilities and 

ГҮМЕ supports Cirrus 

EXE Logic, Rock- 

= well, Sierra, 

and ZyXel data/fax/ 

voice chip sets. $99. 

Phone: (904) 878-8564. 

Circle 1300 on Inquiry Card. 


Trak/Report 2.0, Concord 
Communications (Marlbor- 
ough, MA), adds group- 
capacity-planning capability, 
faster performance, enhanced 
database functionality, and 
support for token-ring and 
bridged networks. $7500. 


Phone: (508) 460-4646. 
Circte 1301 on Inquiry Card. 


If If Were А 
Baseball Player, ІН 
Would Hit tet Runs, 
Toss No-Hitters, 
Steal Bases, And Si 
For Under $200. 


Okay, it hasn't happened in baseball. But in the computer wodd, from your PC quickly, easily and privately. CommWorks also 


there's о major leogue player in the communications game that can features Remote Access у which brings remote 
pretty much do it all. Introducing CommWorks™ for Windows™ by files and printers directly to your PC wherever you are. And with 


Traveling Software. The first com- the online program, you can tap into 


MCI Mail*, CompuServe®, or other 


| Online Services 


plete communications package that 
› И Fla anser 1 ap nk V 


Pha йс роты Майыл өзі: 
> Sond & Receive ГАХ 
| > Access ийге Services 
» Remote File А Prictar Staring 
| > incoming File Nablication 


gives you more flexibility thon ever to 


do business away from the office. For | at the click of a bution, What's more, 


т а 
sorters, кез apLink V, the CommWorks Control Center 
puts all of these communications tools 


the number one selling file transfer 


program. You can make unattended, From the Makers af Laplink at your fingertips. See your local 


МАЦ 


for WINDOWS 


regularly scheduled file transfers ot | dealer or coll Traveling Software 


anytime, from any place. And for local file for $50 off the suggested retail 


price of $199.95. And get the 


transfers, use the included serial - ص‎ 
Xions Tools forthe Price of ONEZ 


cable. Comm orks also one who can do it all. 


allows you fo send 


tg 
2. "gm Call for $50 off 
am 


Fax | (800) 472-4735 


XN 
| N “% Without the 


^ reeling Software © 1993 Traveling Sofware, inc. 18702 Noch Creek Parkway, 
of Traveling Software. Other produds ams rademarks or regiviered 


Quatech's Solid State Drives 
for PCMCIA 


е 100% Reliability • No Moving Parts 


Quatech's line of Solid State Drives for PCMCIA (Type | and Type Il) fit into any personal computer and 
conform to the PCMCIA/JEIDA standards thus allowing your PC to access the newest technology used in note- 
books, hand-held computers and PDA's. These drives are available in three options: 3.5" front drive, rear card 
slot drive, or 3.5" front drive and rear card slot drive. 


1 
Quatech's line of PCMCIA FLASH Memory, SRAM and l/O Cards offer add on memory in one, two and four 
meg options. SRAM available in one and two meg options only. FAX/modem, Serial RS-232, RS-422, EPP 


Parallel Port, and Digital I/O give you maximum flexibility for your application. 
For more information on PCMCIA products 

| MET C3 QUATECH 
or our complete line of communication, data 


acquisition and industrial I/O products call: m 216-434-1409 
800-553-1170 : 216-434-2481 


662 Wolf Ledges Parkway, Akron, Ohio 44311 U.S.A. (216)434-3154. International: Australia/Interworld Electronics 03-563-5011, Canada 
(Western)/Interworld VCR 604-984-4171 (Toronto office 416-513-7027), England/Diamond Point International 634-722-390, Finland/Lab 
Hitech OY 358-0-804-2522, France/Elexo 33-1-69302880, Germany/Jupiter Electronic Systems 06181/75041, Israel/RCM Ltd. 
972-03-5447885, Italy/N.C.S. Computer Italia 03311 770-016, Netherlands/ACAL Auriema 040-502602, Korea/Sam Boo Enterprise Co. 
82-2-538-4001, Spain SANTA Barbara SA 343-4188116, Singapore Bliss Services Pte Ltd (65) 338-1300, South Africa wa 

Eagle Electronics 27 21 234943, Switzerland Amiro Tech. Engin. 37-2311-18. ІВМ РС-ХТ, АТ, and Micro Channel are = 
registered trademarks of ІВМ Corp. All other trademarks are of their respective companies. 


Circle 133 on Inquiry Card. 
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Mail Order 


The latest offerings from 
vendors supplying 

products of all leading 
manufacturers at extremely 
competitive prices. 
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BUY IT THROUGH | 


Hardware/Software Showcase 


This categorized four-color display 
section makes it easy to find 
Hardware and Software products from 
a wide variety of manufacturers 

and suppliers. 
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Buyer's Mart 

From Accessories to Laptops 
to Word Processors, you can 
easily find the dealers you are 
looking for in this directory of 
products and services. 


251 


ч vw 
| 
MAGNAVO: “Ал АЛҒЫ 
Ana а A аа ! ЧУ PLI | 
| MP á 1 E j i + 1 ( E» EH Fa “ ч 
BS enw à p ma m 1 4 = тт y 4 - N p" 
* P" | ^ Ш = Û Color 
فد‎ ү Ж А. <, & жа i Bubblejet 
Monitor но rA I "b Printer 
€ p А g 7 360 dpi / 240 cps 
b Maximum Display A1 | ж Y a — сов in 
: = а ystem: Less Waste 
Resolution of 1280 x 1024 7 100 Sheet Feeder 
(Non-Interlaced) @ 72Hz ® / Laser Quality Text 
Refresh Rate & Horizontal Scan tram 20 to 57 KHz 9 ТА / Optimized for Plain 
as : aper: Vi 
B Vertical Scan from 50 to 100 Hz D 1 Year Limited 0 $ Without Special Paper 
Warranty @ Tilt & Swivel Base 
و‎ шр For less |... вв: 
"Pure ОО RJ "DU Рпсе. 9907. D AOG СОМ 32009 
mB ow т Ргісе sénataana d ) Р : ma ы CDW 23261 ж Р 
ЧЕТУ ORKING РЯ! ODU , TS E NET! T E | TAPE, REMOVABLE & Fi FLOP PY DRIVES 5 | 3 PLOTTERS. DIGIT iZERS а! МЕН5 | 
HDFRTE' 
MNOVE LL - «ав IS/ONE 12 X 12 4 BUTTON ... 309.2: 
Netware V4.01 30503 ETHEALINK |! COAX 59.84 PRO NOTE 42MB PARALLEL .. .488.17 IS/ONE 12 X 12 12 БІЛТОН................ жə 
| 36209 ЕТНЕАЦМК ПСО күр PUMA 88MB PARALLEL. nee 7n XLP 12 X 124 BUTTON & STYLUS... 22880 
10 USER BB ecrit mere енен 1948.00 36509 ETHERLINK ІШ 1087 250 | MARUN 105MB INT IDE........ ETE. XLP 12 X 18 16 ВИТТОМ.............................454.08 
50 USER CD .... ee 383700 | 3С509 ETHERLINK Ill 10875 РК 37 97 B8MB EXT SCSI У/АОРТ... 829.27 КӨТЧЕЗ?Е,......»(-.-------.- T 
2.43 
p im | 36529 ETHERLINK Ш МСА COAX SPR 992.27 A "wrCalComp 
V3 125 USER mms comet tais sce ce 2822.0 0.0 DB Ill 12X12 W/STYLUS ..308 08 
4 L 30509 HERLINK ІН ©} 5. T] PPP e — 
УЗ12 25 USER aS 226320 HERLINK 2757844 Mountain. DB H 12X42 4 ВИТТОМ......................... 77” 
V3.12 50 USER 3.5”... " 2749.00 40579 ETHERLINK EISA CO 22: | E DB Ш 12X12 16 BUTTON i 
У9.12100М5ЕН3.67............................ 3332.00 3573 ЕТМЕ NK КЕ! СА ТОТА, ir м» o | INT IDE DB Ш 12X18 16 BUTTON ................................299.98 
i| tor Preng on NetWare СО-НОМ 301627 12 PO LINK — | SIOECAR n 305MA PARALLEL TB DB Ii! 12х18 16 el iim — at = 
Versions and — Xircom 1200-4 SC 12 X 12 16 BUTTON... m" 
ЧЕТИНЕ НЕЕ IU idi E 750MEB-1.5GB INT TAU W/ADPT ... | 24 X 36 #6 BUTTON... ——— FEF 
1 — |. ОА ТАО ГРАДА РГЕ 1 oe ee ek) ee VAZAENS Leone 4 € 
АЕ ОРЕ АА Conc canb. fangs | BERIOBEROCKET ETHERNET CONE- 3489 | POMEL EXT TBU WADPT. 125480 Devote 
КЕЗДІ THINE COAX ҰЛРА.. 275386; ВТРОС ЕТНЕНМЕТ 8,31 WYSE TERMING ALS —— a 
" РР ae. анына А WYSE 30 AMBER OR СВЕЕНМ....................... 272.83 | SUMMASKETCH Ill 12 X 12 16 BUTTON......259.90 
A HEW | =! 27 | WYSE = ER ОЕ PERI STE: NN .. D SUMMASKETCH Ill 18 X 12 4 BUTTON ...... ... 52 
COACTIVE STARTER КІ! ............................... 1. 7990 | WYSE 55 AM N вњ ^ 
COACTIVE ADD-ON KIT . coco IMMO | XIRCOM 14.4K POCKET MODEM ә. | WYSE 60 AMBER. GREEN, WHITE - add 2796 60 [1 NOMEN 
| 1 R 
^ | ІВМ TOKEN ино EE inc AMBER, GREEN. WHTE >” HI 7100 A-D SIZE B РЕМ...........................2596.78 
TIRANAS АА АШ eu TOKEN яна 164 ШЕ. » WYSE 325 COLOR... = НІ 7200 A-F SIZE B РЕМ... ИИТИИ ir. 
! 1 
165143 ETHERNET COAX 122, IBM TOKEN RING MAU .. MULTIMEDIA, SOUND, CO | HEWLETT 
165143 ETHERNET COAX 6PK "699.5 3 
TC5143 ETHERNET TOBT . 95.5 ALTEC LANSING АС5300 SPKRS/SW........... 274.28 HP SCANJET IIP., „733.48 
165143 ETHERNET 10BT 6 483.90 i n CDW 5 CD BUNDLE aol "12017 HP SCANJET IIP DOCUMENT FEEDER.........269.93 
TEE dS ARGNET COAX GARD. EL CDW 5 CD BUSINESS BUNDLE ................1 19.86 HP SCANJET ИСХ WISA NEW ............. 998.50 
706242 ARGNET« TP САЯР. 799% ETHEREXPRESS 16 COAX юз» CDW 5 CO ENTERTAINMENT BUNDLE...........79.33 HP SCANJET ІКХ DOCUMENT FEEDER ......474.72 
166245 ARCNET ALL-IN-ONE CARD ^ 258 84 '898K 7077777732433 CDW 4 CD EDUTAINMENT BUNDLE ............... 85.16 қ 
Т PASSIVE 4 PORT EIE 39.50 98 38 | CREATIVE LABS DISCOVERY 16 NT — A180 EPSON 
105055 ETHERNET 8 PORT CON 1087. 32874 | .99. сета و‎ ap al А 11703 ACTIONSCANNER Е560ОС ........................... 796.86 
Wiens TOKEN ai АМВР5 hes ы. 572.42 434. CREATIVE LABS SB 16...................................1 175 44 ESBOOC PARALLEL/SCSI ............................. 1089 81 
TC4045 N RING 16/4 CARD ‚359.44 98. CREATIVE LABS SOUND BLASTER 16 ASP.187.79 ACTIONSCANNER ES6000....... 1077.29 
Tc COAX CAR 138.5 16 CREATIVE LABS SB 16 $С5!......................... 187.56 Е5Ә00С PRO +228 53 
TENE ТОМЕ PION СОЛУ ОАНО...........4 609.91 MEDIAVISION PRO AUDIO 16 BASIC ........... 116.36 : м | 
eder Optic T eo MEDIAVISION PRO AUDIO SPECTRUM 16...159.64 DEO PRODUCTS | 
TCNS 1 POR T HUB COAX 1366.27 MEDIAVISION PRO AUDIO STUDIO 16 .........214.30 VGA & SUPER VGA MONITORS 
TENS \COMBES 8 PORT SMART HUB STP 1169.75 MEDIAVISION MEM HIS S n سس‎ e АСЕН SVGA 14° 
1169.75 IAVISION MEMPHIS 5Ұ5........................ 755.17 сенен ннн натын 
TCNS 100MBPS 8 PORT SMART HUB FIBER 1485.80 MS MULTIMEDIA BEETHOVEN..................... 54.88 AST VISION 4N 14° 
i! ARTISOFT MICROSOFT BOOKSHELF CD.................. ән | Ene" ^ 
MICROSOFT WIN SND SYS V2.0..................... 52.95 ШИ Гр ee ‘aah 
AE3 ETHERNET COMBO CARD... ..398.98 MS WIN SND SYS V2 0 W/BOARD.................. 139.7 MAG иы" IRE چ‎ “151715 
NODERUNNER 2000A ... 2217.24 MICROSOFT CINEMANIA 1994...................... 52 4 MAG INNOVISION МХ17Е 9960 
NODERUNNER 2000T . ..17847 | ETHEREXPRESS ISA HUB EXP ....................449% ORCHID SOUNDWAVE 322............................. 219.72 itr 
NODERUNNER 2000C... 47847 | TAPE REMOVABLE & FLOPPY DRIVES | ORCHIDGAMEWAVE 22... — 149.90 ТҮ” 
ань ie 2000А.. ........ TT T | ——ÁÁ— P = PROCOM INT MULTIMEDIA 5ТАТЮН...........739.16 299.94 
NOE ERE 1 — E PROCOM EXT MULTIMEDIA STATION.........789.48 $895 
mim ШЫНЫ У Уем. SONY DSKTOP LIBRARY INT ........................267 04 MAGANAVOX 20CM64 20* 1169.68 
CENTRAL STATION UN i „.....389.89 SONY DSKTOP LIB INT W/SND z n 
1087 5 POAT INTERNAL HUB ... ..269.33 JUMBO 120MB INTERNAL... . 97.21 SONY DSKTOP LIBRARY EXT WiSND iade — i 
NODERUNNER STARTER КІТ WINDOWS... ..499.57 JUMBO 250MB INTERNAL... сәлем. 187.34 L тт ч 
LANTAST IG Al V5. 0 .. as er >» Loss TAA TRAKKER 120MB PARALLEL PORT. 277.38 TURTLE BEACH MULTISOUNO ... Уы 
LANTASTIC Al V5.0 WINDOWS _................ 70.19 | -лккеа хаома PARALLEL PORT. 397.44 CD-ROM & OPTICAL DRI' 
LANTASTIC SOFTWARE .. 69.60 TRAKKER 250MB PARALLEL PORT .............. 327.44 | CD-ROM & С PTI CAL DR! 
LANTASTIC FOR WINDOWS. Sw zr die 129.68 POWERTAPE 208 SCSI INTERNAL ............. .947.59 CHINON CD5535 INT CD-R ROM “Т... 
T-RUNNER 8 PORT 10ВТ............................ф 299 ва POWERTAPE 2GB SCSI EXTERNAL ... - 1087.09 CHINON COX535 EXT CDROM KIT 
T-RUNNER 12 PORT 1087..__.... _...............497.41 POWERDAT 2GB scsi INTERNAL .............. 1524.33 ACCULOGIC PARALLEL PORT CD-ROM ..... 
a = . HITACHI 19005 EXT CD-ROM ....................... 
SMC “МЕСА HITACHI СОВ1959 EXT ............................. 
ULTRA16 ETHERNET COAX .......................105.25 ка HITACHI 6700 INT CD-ROM... кептен СРО 
ULTRA16 ETHERNET COAX GPK 583.68 nM up. ннен ed HITACHI CDR6750 INT... ен 412.51 | SONY CPD1730 177. шышы 1049.15 
ULTRA16 ETHERNET 108T.. .........,.. ............105.25 BERNOULLI 150MB INSIDER SCSI... > H | NEC CDR74-1 EXTERNAL CD-ROM __........... ыы | SONY TISE ee 1199.48 
ULTRA16 ETHERNET 1087 6PK. .... 583.58 E H 1 Ета ШШ > | NEC SXI INTERNAL NEW... ATES VGA & SUPER VGA DISPLAY САЯО5 
ULTRA16 ETHERNET COMBO... 125.25 BERNOULLI 150M8 PC POWE xi ‘tap | NEC 3XE EXTERNAL MEW...........................569 00 ACTIX ULTRA PLUS 1MB 23 
ULTHA16 ETHERNET COMBO 6PK 693.49 BERNOULLI 150MB TRANSPORTABLE .. — 8 | de NEC 3Xp Portable... sss a9 0 tA ST m реп 
ЕТНЕНСАНО» ELITE 8 BIT COAX .................97.82 | BERNOULLI 150MB INSIDER IDE.................4 407.5 ORCHID СО521101МТ................ ET ADS VGA TO TY ELITE.....———— 257.78 
ETHERCARD» ELITE COAX. ...................119.64 Am. PIONEER DAM604X 6 DISC QUADHASPIN 1347.42 ATI GRAPHICS ULTRA» 2МВ.............. 237.58 
ЕТНЕЯСАНО» ELITE COAX 6PK....... .......4628.72 SUMMIT. PROCOM 200M5 INT SCSI CD-ROM...........452.09 ATI GRAPHICS ULTRA PRO 2MB oo... 357.58 
ЕТНЕҢСАНО» ELITE MCA COAX.. ...............189.26 эө (dires at PROCOM 200MS EXT SCS! СО-НОМ...........557.84 АТ! GRAPHICS ULTRA PRO 2MB EISA..........394.92 
ЕТНЕНСАНО» ELITE 1OBT ............................ 119.64 | SONY CDUS35 INT CD-ROM... 7677 ATI VGA WONDER, XL24 алып 119.32 
ЕТНЕНСАЯО» ELITE 10ВТБРК...............618.22 | 5Е120120МВ INT TAPE В-М......................... 139,96 SONY С0054101 INT SCSI CD-ROM.........349.15 CREATIVE LABS VIDEO BLASTER. 33002 
ЕТНЕНСАНО» ELITE MCA 10BT ............... 188, SE250 250MB INT TAPE В-И.......................... 178.63 SONY CDU7205N EXT CD-ROM... 463.10 CREATIVE LABS VIDEO БОТ aan 
ЕТНЕЯСАЯО • ELITE ESA 10ВТ...............579. SE305 305MB INT TAPE B-U ..........................289.00 SYDOS PARALLEL PORT CD. ROM... E 299.51 DIAMOND STEALTH PRO IMB... oe 249,03 
ETHERCARD. ELITE COMBO... .... a DIAMOND STEALTH PRO 2MB ...............336.61 
ETHERC TE COM TEXEL 3028 240MS INT KIT... CALL | DIAMOND SPEEDSTAR PRO 1MB... 74: 
Ple reine at ae MICROSOLUTIONS | TEXEL 3028 WPA SPECTRUM 16 . GALL | BONO VIPERA S = е == н 
BACKPACK 3.5" 1 44MB FLOPPY PARALLEL177.84 | TEXELSO28240MS ЕХТКІТ.. CALL HERCULES GRAPHITE "Mi. ey 12 
3512 ETHERNET 12.2 PORT CON 108T 614.76 | P. ғ HERG GRAPHITE 2М8 4 
PC500WS ARCNET CARD COAX. .. ..125. 93 BACKPACK 5.25° 1 248 FLOPPY PARALLEL 177.64 | TEXEL 5028 W/PA SPECTRUM 16............... CALL ULES тестето CR 
РС650ҰҰ5 ARCNET CARD ТР BACKPACK 170MB HD PARALLEL ...........368.58 TOSHIBA 3401 INT SCSI CD-ROM................. 397.60 HL ag ines DYNAMITE МВ... "em н E 
PCEOOFS ARCNET CARD COAX T? BACKPACK 200MB HD PARALLEL ..............427.98 TOSHIBA 3401 INT SCSI CD-ROM WADPTT..549.14 ORCHID FAHRENHEIT (2800 153.88 
РС130 ARCNET CARD COAX ._ . .... 6 BACKPACK CD-ROM PARALLEL..........-......... 357.91 TOSHIBA 3401 EXT SCS! CD-ROM............... 497.61 ORCHID FAHRENHEIT VA _._.................177.97 
АНСМЕТ 8 PORT ACTIVE HUB COAKX.........229.41 | BACKPACK 250MB ТАРЕ B-U PARALLEL ....355.08 | TOSHIBA 3401 EXT SCSI CD-ROM W/ADPT 649.55 ORCHID CELSIUS VLA 1MB..... ...... 238.97 
TOKENCARD ELITE 18/4... 289.08 TOSHIBA 3401 EXT SCSI 4 DRIVE TOWER 2535.08 ORCHID CELSIUS VLB 2МВ... ^ 299.78 
“г. = неи DAQ No — For Credit Cards ү - =ч 
1 2 | ial “1 e ты | DAG — : | 
a r "t » [ èt | | | ag A | VBA" | A Ma. Coq Sales7 730-7 20 COT Mon-Fri 3 гї 
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í d А | ) 
14866Х/25 | apne avs 
Desktop | ММЕ 
-— + ыы бз i d | 
7... 0| 14 m | / Д. 1 Р 
F di. = j ыз ame ш ғ а, a m» 
- 1 5, 
9 i4B6SX/25 CPU “1.4 
| ^ 120MB HD, 4MB RAM | е ж. 
ғ” Local Bus Video 
v^ 4 16-bit Slots 
¥ Midsize Case, 3 Extemal Ё 
کے‎ Bays | 
СОМ Price... Р 072 J£ CDW 30837 
COMPUTERS BN оотм LASER PRINTERS | 
TOBHIBA ` EPSON 
Т1950/120МВ ..1899.00  T4500C/200MB.. 3999.00 АР2250.............. 115.43 444.31 
T1950/200MB ...2099.00 ТаБ00С/340МВ 4259.00 n 1295 LONO enS 
T4600/120MB ...2089.00  TGE00C/S1TOMB., 6099.00 АРЗ250................. 180.14 1Q2550............ 996 09 
T4600/200MB ....2299.00  THRDDC/S1OMB С06599.00 (FO و‎ 167.90 OFX5000............ 1327.84 
14600С/120МВ. 3669 00 y mthi 267.59 OFXB000 —. 2271297 
11950С5/120МВ8 |. OLB. rre 2479.00 Тс Ит 355.95 STYLUS 300. 929.95 
T1950CT/120MB ACT СІЯ............................ 2799.00 L — 227 9? 05800... 27797 
Таоа ACT GLA. ? 2999.00 panangga — " 
T1950CT/220MB ACT CLA... 3399.00 ACTION LASER 1500 ..... ussa вла ят 
120MB NEW =e 2197.00 ACTION LASER 1500 W2MB ..... (0989722 
Т3400СТ/120М8 АСТ CLR NEW _.............. 3428.00 NEC 
14700С5200М8 PAS CLA MEW m 3897 00 
چ لپا د‎ ЕМ... 49990 | руу... 225.78 Süentwriter 95F ...... BET. 
T4700CS/320MB PAS GLA NEW... 4238.00 umida 267.41 Báenteriter S5FX 100696 
T4700CT/320MB ACT CLR NEW oon. 4849.00 628.49 Sdenteriüer 1097 — 1288.08 
T6500C/510MB CD/DVI ................——....... 7509.00 рео 640 NEVTD8 58 — 
* 110... — 12.4 эй. -— 178.31 
LC 4255 12048 997097 LP 4255 340MB. 1599 35 e. 200-20 00080 
LC 4335 120049 1119897 LP 4/330 170МВ 1445 60 1695....... 25 4419 AER — E 
LC 4330 120MB 1257 97 LP 4330 OME 1889 77 eX 
LC 4330 210MB 1497 97 LP 4660 170MB 1954.52 
LC 4/500 120MB 1528.95 LP 4/66D 340МВ 2394 91 
LC 4/50D 210MB 1767.07 MT 4/33D 170М8 1497.97 
LG 44680 120MB 1787.97 MT 4/220 240MB 1936.44 
LC 4/66D 210М8 2019.91 МТ 4/660 170М8 2018.15 
E grape d 97 MT —— 97 
657.97 
NOTEBOOK BOOK 120MB HONG COUGH (7673124 49.97 
TER 170M8 1967.97 2527.97 
POWEREXEC TuS CO OR RO specia 24099? | 
POWEREXEC 4/25 200МВ COLOR SPECIAL 3959 97 | 
Са | —-, - ^y ntm LaserJet 4L... 68987 
non 500........... 299.09 LaserJet АР NEW... 999.99 
ЕТ 425 15548 ———— 7. | 500С........ 399.80 LaserJet АМР NEW1469 B9 
ІІ 420150 ——— 2534.26 550С........ 500.12 LaserJet 4........... 1389.46 
А АЗИ. X 170М8.........-..-------- 7 1200€. 1309.08 Laserjet aid... 194244 
А АЛУА. 1700B 2... 1965.25 Desiget 1200C PS. 1938 95 LaserJet 451. 2968.95 
А 4/501. 2 ETI HP Paintet XL300. 2249.39 LaserJet 4S! МХ 4508 36 
Ui me 
А 4/66L 240MB ... .. — — — — — 1814.88 SHARP. 
NEC SHARP JX9400 3000PI APPM .._.._____...... 400.57 
SHARP JX9460 600DPI BPPM ........................ $40.08 
VERSA NOTEBOOKS 
4/25 120MB COLOR 3589 26 440 120М8 3878.60 ТЕМ LExuank 
426 1ВОМВ MONO..2578.38 440 250MB ..3037.39 4037 5E 5PPM 57% 
4/25 1808 COLOR 3829 55 440 250MB COLOR 4286-91 EM TT 657.07 
420 18048 MONO 2854 45 460 200MB MONO 1299.82 | 4029-10 TOP DM, i Шы 
433 BOMB COLOR 4099.70 450 209M8 COLOR 4549.22 | 4032-108 TOP PM. iij 134787 
4533 250ME МОМО 3066 07 450 HOME MONO, 3719 11 4039- 3 ee elidi 
4°33 250MB COLOR 4293 65 450 MOME 497459 | 4039-12R 12PPM.... = 1697.9 
4/40 120MB МОНО. 2618.72 ; 4039-121 12PPM .. - Ш17244797 
A ADY ES 4/25 170MB жа 199191 Poen қағын -— 144487 _ 
в "ч. МАНИ HIVES 8 % 1101! "H3 
R ADY ES 18 16945 келир сигу А ONTROLLERS | 
READY 4338. -189 | Maxtor 
POWERMATE 213 7131A 131MB IDE ..198.10 7345A 345MB IDE ..209 19 
POWERMATE L1 7245A 245MB IDE ..288.87 73455 345MB SCSI 361.63 
SHARP 7245S 245MB SCS! 284.44 75464 540MB IDE 637 87 
SHARP 486/39 200MB PAS CLR ............... 2989.82 
SHARP 486/23 200MB ACT CLA 73109.98 | MICROPOLIS 
39 Texas INSTRUMENTS !MOMBIDE $4823  1060GBSCSIAV 99415 
050MB SCS)... 958 175508 SCSI AV. 1250- 
TMADOO 4250 200MB MORD. i E 1.768 SCSI... 127929 1936 3GB SCSI 2299.38 
ТМ4000Е 4/25S 1 2099.4 
TES 450 120MB PASSIVE COLOR - 2959 55 CONNER 
ТМ4000Е 4/50 200MB MONO _ 7. .269978 | 210MB IDE .......... 25808 540MB IDE amas 
ТИСЕ 4/50 200MB DUAL COLOR 3219.72 | 343MB IDE .......... 90887 540MB SCSI...... ыз 23 
ТМ4000Е 4:50 200М8 ACTIVE COLOR... .277%.16 343MB 5С:5!........ 32800 — 1GB SCSI... M uc 
| DOT MATRIX & LASER PF RINT rERS ™ 426MB IDE ..... 41808 127085С51.. 196840 
184 TURBO .......222.14 ML590. 429.51 АУ Seagate 
ML320.... 20445 MUSO? __. $85.97 ST3243A 200МВ ID a 
M321 .... 432.43 PACEMARK 3410122292 | ST3290A 261MB IDE ... sss. 255 96 
ML380..........214.95 OL400E...........499.98 HAB IDE ....... ЕЕЕ 322.90 
ML395 __............ 909.20 (01810... 905.59 ST3550A 452MB IDE ...................................х5ь.М 
ML395C ............. 1039.74 OLB30» ..........— 1079.95 57112009 1.0508 SCSI........ s. 000.33 
i ae 369.82 OLBSO............... 1195.20 
МИШ. ышаны 499.18 DOC-IT 4000......2909.49 ne 2m 
Canon ACCULOGIC IDE W/TPAR, 25ЕН, 1GAME ......15.58 
C.F | ACCULOGIC ФЕ wens ofr td аю 
Со РЕНОАР РОНЕ. +< ACCULOGIC = жынысы | 
шиша | encase —C —- T 
сс НК Rae ACCULOGIC EISA SCS-2 .......... wn 249.8 
LBP430 LASER .............................................%24%0 ADAPTEC 1542CF SCS! КІТ... 250.45 
Б Б. ТТІ | 
| | Ж М а 
,. Y “т 4 T 4 | , 
| غ‎ = т +] | | 1! 1 | - = 
= = 1 d Ё 3 Ё? С 
= ft = = ЕТТІ a ! 
“ | ғ = Е = 1 y 
— Іі FAX (708) 291-1737 
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CDW" 
SERVICES YOU 
BETTER 


V.32terbo 
v Data Transfer Protocols 
from 2400 bps (V.22bis) to 
19.2K bps (V.32terbo), 
Including Popular 9600 bps 
vaz 32) and 14.4K bps 
ү бот patibility. 
Tr V сав Conger Ceca 
à to ) 
when Available vy 
mam „.9330.60 cow 32490 
External ....... ЗР! ІСІ үа 537 WA CDW 32489 


" MODEMS & COMMUNICATIONS | 


14.4 INT .. — 12950 
14.4 INT W/FAX — .... 148.50 
14.4 EXT... m: ... 169.50 
14.4 EXT W/F ا‎ 177.50 
WORLDPORT 14 4 oe 149.00 
COURIER MODEMS 

V.32TER ngos 113.80 
V.32TERBO INT W/FAX 348.85 
V.32TE ———e ——— 
v.32TE XT W/FAX .. um 390.07 
16.8 HST бс — A. 
DUA STD NT WERC — " 

DUAL. TERBO ІНТ/ЕХТ W.FAX 6) nn55 
ACCURA 24008 INT 59.10 OPTIMA 113.34 
ACCURA 2400 EXT 89.25 OPTIMA SOOO EXT 338-50 
ADOURA SAED TAN тыл OPTIMA 96 FAX 354.42 
ACCURA 96 FAX 175:12 OPTIMA 144 363.80 
ACCURA 96 EXT 19968 OPTIMA 14 4-AX378.30 

аА РАХ EAE ОРТМАМ 96 
12. 


— ——— X 


m. 


CDW? Sells for Less and Services You Better! 


| 


соғы CEPR" Compete Carter, inc 


Circle 186 un Inquiry Cirt. 


XMT 9600 EXT WEAK. 
PM14400FX 14 4 INT W/FAX . е 10529 
MADOFXMT 14.4 EXT МИРАХ 19728 
РМ14400Ғ 14.4 EXT WIFAX, LCD... 7 274.45 
Р144 27 7399.95 
SATISFAXTION MODEMS 
| - __ 257 23 
_._ 273.05 
3092.59 
E 
x ve: 105: 25 
۴ 168.45 107.28 
‚...%19.55 
.,.149.85 
Er P AND UPS | 
SOR 159.67 
| 145.77 BC1250 LAN... 449.59 
LAN ......269.31 
LAN 30939 | 
50 LAN .... 399,26 
LAN 59902 
81313 
= 59 21 
[2.49.50 
..38.95 
46.38 
BACK 250 .. 99.34 SMAR 
BACK UPS 400... 159.83 
BACK UPS 450... 189.81 
BACK UPS 600... 264.64 
BACK UPS 900 ... 374.1 
BACK UPS 1250. 198.77 
SURGEARREST PLUS... 
SURGEARREST PLUS W/TEL 
LINE-R 600. .. .. 
EF a = ы 
LOGITECH DEXXA SERIAL MOUSE . ....2737 
| LOGITECH MOUSEMAN COMBO . . 6665 
LOGITECH MOUSEMAN CORDLESS ... . .89.93 
LOGITECH TRACKMAN POR TABLE .. 72.50 
| (06 ҒОТОМАМ» W/FREE MOUSE . .. ..... 549.76 
ICROSOFT MOUSE V2.0 SERIAL’ 59.00 
ме MOUSE V2 0 PS2° 59.00 
| MICROSOFT BALLPOINT V2 0 152.77 
|" SPECIAL THROUGH 11 3093 =| 


Fa 
1 


d 


d 


BTEB38 


as PCMCIA i 


DATARACE PCMCIA 2400 WFAN... ..._... 
DATARACE PCMCIA 14.4K W/FAX. ......... 


DLINK PCMCIA ETHERNET 1 217.12 
HAYES PCMCIA OPTIMA 9600 W/FAX ....... 235.55 
HAYES PCMCIA OPTIMA 14 4 W.FAX.. 315.00 
IBM PCMCIA TOKEN RING Мы; 489.79 
INTEL PCMCIA 2400 W/FAX............ 189.00 
INTEL PCMCIA 9600 W/FAX, . 249 00 
INTEL PCMCIA 14 4 W/FAX .. ee _.......... 299.00 


LINKSYS PCMCIA ETHERNET COAX ... 197.91 
LINKSYS PCMCIA ETHERNET 10BT _.._...... 
MEGAHERTZ PCMCIA 2400 WFAX.. ... ... 18895 
MEGAHERTZ PCMCIA 2400 ХЈАСК ҰҰҒАХ. 197 = 


MEGAHERTZ PCMCIA 9600 W FAX.. . 259.90 
MEGAHERTZ PCMCIA 9600 XJACK W FAX ..277.07 
MEGAHERTZ PCMCIA 14 4 Ұ//ҒАХ................. 295.49 


MEGAHERTZ PCMCIA 14 4 XJACK WIFAX ... 309.31 
NOVELL/EAGLE PCMCIA ETHERNET COAX күн 
PRACTICAL PCMCIA 14 4 W/FAX... 9.00 
Т. CONRAD 


PCMCIA ETHERNET COAX ^7 28998 
USA WORLDPORT PCMCIA 2400 W/FAX ....284.60 
USR WORLDPORT PCMCIA 14 4 W/FAX ..... 208.48 
XIRCOM PCMCIA ETHERNET COAX ... .. 276.20 
XIRCOM PCMCIA ETHERNET 108T 263.92 
XIRCOM PCMCIA ETHERNET COMBO 308 55 


TT 


ЕМ! ORY ОЯ PGRADE 5 


со! we Features Delkin, Kingston, 


Pacific Data and Simple 
Technology Memory. 
AST BRAVO 486LC 2MB  . " CALL 
AST POWEREXEC 436 AMB. .. ... САЦ 
AST PREMRAA M 1MB CUPID ЗМИ. ا‎ CALL 
AST PREMMIA SMB UPG —«- 1! 
COMPAQ DESKPRO 8МВ.. .. Безне -7 774 
COMPAQ CONTURA 485 6MB.. .......... CALL 
РАС) CONTURA 4MB .............................. CALL 
ОМРАО DP 386/16 4MB... CALL 
COMPAQ LITE 4/25C AMB ........ ...................... CALL 
COMPAQ PROLINEA 48633 7T — s— CALL 
COMPAQ PROSIGNIA 16М8......................... CALL 
EPSON ACTION LASER 2 өкі CALL 
HP DESKJET 500 & 500C 256KB ess CALL 
HP LASER 4L 1М8 MEM UPG ‘CALL 
НР LASERJET 2РЛИ 2М8 = CALL 
e LASERJET 3514488 2... CALL 
HP LASERJET 4 4MB CALL 
HP PAINTJET XL300 4MB ... CALL 
ІВМ DESKTOPS-ALL MODELS. . CALL 
IAM THINKPAD 700 4MB .......... CALL 
NEC SLENTWAITER 95 2MB CALL 
NEC VERSA CALL 
OKILASER 400 O 2M. ‘CALL 
OKILASER 800 2MB . „CALL 
PANASONIC 4410, 4430 24M .. CALL 
PANASONIC P4450! 2MB ... кп 
TI MICROLASER 1MB............ „CALL 
ТІ ТМ4000 4MB ......... ... CALL 
TOSHIBA 1800, 1860, 2000SX/E. 22005Х 2MB....... CALL 
TOSHIBA 1800 ,1850, 20005Х/Е. 2200SX 4MB......CALL 
TOSHIBA 1900C.4500C 4600C ВМВ CALL 
TOSHIBA 4400, 44005Х/С 4MB ..................... CALL 
TOSHIBA T1800, 1850, 20005Х/Е. OMB ...CALL 
Due to an Industry-Wide Memory 
Shortage, Please Cail COW for the 
Best, t Current Pricing and 
Availability Information. 
PRO CESSOR/U PGR a DES | 
CYRIX 486DRX/2 UPGRADE . 
INTEL OVERDRIVE 16/20MHZ- 
INTEL OVERDRIVE 25MHZ 
INTEL OVERDRIVE 33МН2.............................52®. 
KINGSTON SX/NOW 25MHZ .... 4 
KINGSTON SXNOW 33MHZ ... | 
KINGSTON 485/NOW 25МН2 ... % 
516.25 


KINGSTON 4B& NOW 33МН2..................... 
ACTIONNOTE 4000 BOMB, ...............16%9.50 
ACTIONNOTE 4000 120МВ . "ED us 
ACTIONNOTE 4/33 804B . € 
ACTIONNOTE 4/33 120М8 WAMODEM ..... 
ACTIONNOTE 4/33 180MB W/MODEM .. 


7 TTT 
МАТР 


INTEL 287XL ............ 


1650.50 
...2015.2 


a ne lm. aub a GUAE сән жа DR m 
"OPROCESS 
COPROCE50 


————— |. 


INTEL 3875Х 16/20/25МҢ2 .................... VIO 
INTEL 387SX 33MHZ cx——— Qno 
INTEL 3573. ....... там 
INTEL 3870Х ھک م سد‎ PEE 020 

A ОР -КЕ 

E | ЕВ A i i n 4 

В. سے‎ “Аһ. ы! 


The World's First Photorealistic Interactive CD Sci-Fi Adventure. 


Winner! 
INVISION 1993 Multimedia 
Awards Award of Excellence 
plus 
¢Gold-BestAnimation/Graphics 
¢Bronze-Best Production 
Design 
*Bronze-Adult Games 
“ the world of interactive 
gaming is never going to be 
the same." 


Mark Rhodes, Multimedia Editor, 
Micropublishing News 


9 Jun 2318, 06517. 


Attention Temporal Protectorate: 


A пр has been detected in the fabric of time. Only moments remain Travel through time. 


until all that mankind has accomplished is laid waste. Your objec- 
tive - journey through time... from prehistoric lands to the distant 
future, to prevent any compromise in the established continuum. 
But before the game is over, you must discover who... or what... is 


the source of this mayhem, and bring it to a halt. 
“ Photorealistic 3D modeled worlds to * Over 30 minutes of full motion video 


Arcade action. 


explore * No set order in whiclt the goals must be 
* Integrated arcade action and puzzles to accomplished ч \ 1 if oe 
challenge any player * More than one solution to cach problem i. N M lu 
* [ntuitive interface featuring easy-to-use vou encounter 4-4, 2-3 
inventory and movement controls * Available on MPC and Macintosh Bye: | 
* Original soundtrack CD 8. = ! 1. m 
e | ө — | E ше 
Take a ride through time on the CD Adventure аа-а: 
that will alter history. раону Quadra latera iae 


Available at retailers throughout the continuum or by contacting: I QUADRA 
Quadra Interactive, Inc., Р.О. Box 188033, Carlsbad, CA 92009-9793 | Í. / 
(619)431-9530 SRESTQ INTERACT 


Circle 220 оп Inquiry Card. 


With Backpack’s unique printer port connection, 
family support has never been easier. 


Adding additional storage to your IBM directly to the backpack drive, you don't have 
compatible, laptop or notebook has never m to disrupt your print operations. With the 
been easier. The backpack? family of no-slot фе backpack family of diskette, hard, tape or 
drives plugs directly into your parallel CD-ROM drives, you can easily transport 
printer port to provide you with additional your information wherever you go—just plug 
storage instantly. Using them one at a backpack into the parallel printer port of any 
time, or daisy chaining up to four together, IBM compatible or portable. And, of course, 
there are no interface cards to install so all backpack drives work with Windows™ With 
you don't have to open the cabinet of your backpack, there's no hassle. Just sit back and 
computer. And because your printer attaches enjoy the new member of the family. 


Just plug and play. 
It's the no-hassle approach 
to additional storage. 


132 W. Lincoln Hwy. DeKalb, Illinois 60115 Telephone 815.756.3411 FAX 815.756.2928 
Call Toll Free 800.295.1214 


Circle 196 on inquiry Card (RESELLERS: 197). 


WE WILESTRY TO MATCH ОВ ВЕАТ: АМУ ADVERTISED PRICE: CALL FOR LATEST:/PRICING!! 


WE ACCEPT РО'$ 
FROM QUALIFIED FIRMS 


NO SURCHARGE 


M Ё М Q R Y FOR MC, YISA AE & DISCOVER 


CACHE MEMORY 


1295 1505 2095 25Н8 
ВКуВ - 6.50 6.00 5.80 
32Kx8 28.00 9.00 8.00 700 
HKI - 17.00 9.00 800 
64Кх4 ~ 11.00 900 800 
1604 - 390 7.09 5.00 
128Kx8 - 43.00 36 00 


INTEL Math Chips 


Indívidual D-RAM Chips 


MEMORY FOR (BM А APPLE 8087 45.00 
60NS 70Н8 ONS 10095 8087-2 49.00 
1Megxi 735 725 675 455 8097-1 85.00 
1Медха 3500 2900 2700 - 80287-XL 55 00 
1Медх4 2500 2300 2100 - 60387-16 DX 45.00 
(Zip Pack) B0387-20 DX 55.00 
25b x4 = З 11.95 1095 80387.0Х (Does All 79.00 
{Video Zip) B0437-DX (Does All) 339.00 
2504 475 450 - - Intet 5X (Does Ali) 79.00 
256 x1 300 275 250 2.25 Intel SL Mobil 85.00 
256 xIBVRAM ~ 3800 3900 - Intel 185Х 49.00 
64х4 - - 3i 25 - Intai 205Х 54.00 
Axt 
JUST 


Change Your 386 to a 486DLC 


CHANGE CPU 
Compie» Cache Software е Uses 287 Math Chip 

. ren astar + DOS & WINDOWS Compalibie Landrgark V 2.8 
Cyrix 486 DLC me 199.00 130 
33MHZ 17300 107.2 
25Мн2 118 00 Ал 
Cyria 486 SLC 33МН7 159 00 103.5 
25MHZ 128 00 784 

Cyrix 486 DRx? Call 


‘ chip upgrade solutios (X486 ORx?- 1622 ........ 259 00 
. Uses industry standard matt CX486 Dfo?-25/50 ГЕРЕК 382.00 
* Easy to inttal—ehout 15 mimutes C1486 33/66 .... wo CALL 


Tha Cyrix upgrade runs at twice the speed of your 
original 386 microprocesscr combined with a 1K 
on-thip cache you will enjoy a performance boost 
of 100% and more. Ideal for any DDS, Windows or (0496 SANZ 2/40......249, ES 
05/2 application which requires a large amount ot | CX486 SAX? 25/50... CAL 
mnicraprocesspr horsepower. 


SIMM MODULES (Add 55:00 for SRE) 


(X486 SRX2 16/32....... 249.00 


a0NS SONS SONS TONS 1005 
1Меу x 9 {3 chip) 51 00 5100 4700 4500 4400 
1Ме x 3 (9 chip) 63 00 - 5600 5400 52.00 43. 00 
4Meq x 9 - - 16500 15900 149.00 
16Ме0 x 9 (9 chip) - - 829.00 - - - 
16Meg x 9 (36 chip) - = = - = = 
256 x 36 1 - - - - 59.00 - 
512 x 36 2Me9 - - - 9100 8700 - 
1x 36 4Meg - - 214.00 19900 189.00 ~ 
2 x 36 BMeg (w/pal) - - 44900 42900 379.00 = 
2 x 36 BMeg (w/o pal) - 42400 44400 44900 - 
4к 36 16Мед - 70900 67900 679.00 - 
8 x 35 32Meg - 1699.00 1599 00 1599.00 - 
16 x 36 64Meq - 2893.00 2499.00 = - 


CYRIX FASMATH PROCESSOR 


rams Executed up to 3X laster * Plug & object code compat. w/Intel 

Hz ~ 49.00 83087-33MHz — 79.00 83587-256Х Ver. — 89.00 
РС Мери" rated #1 overt all math chips 

* "Aff Downward Campatible" 


83087 4D 


83587-335X – В9.00 
ЕЛІ 


Gravo LC 4/255. 4/22, 4233, Dd, м” prr 300947-D01 CALL 
AMag $308 7-007 199 00 
Мед SOO 7-00 419 00 
nw 30004 / 105 1553.00 
reum 486/25. JHE, 33. 3f 
Piae 386/331L. 4802516 AINE 
n риу Siem 1 366520, P us 
tem , 485/93, 1865570 Блер М0 г 0-01 32500 
T, Prem 386816 
мга O04 189 00 
Prestuurn 386/25, 33, ETT 26616 ию l'u-o03 ET 
Prony Yi 286552925 0790-001 5900 
Premia л) 159-002 CALL 
Proves 16440 501159 001 CAL 
Prensa Xe Y01159-004 CALL 
Prima Бам CALL 


MODEL AMT. UPGRADED AST PART # PRICE 
2386/39, 25, 20. 33E Meg ТАЗВООМЕ 59 00 
2386/33, 25, 20, АЗЕ, 48(/25E ates ZÀ3800MK 185.00 
23865Х 2-605-1 modules 11900 


MAGNAVOX 


2668/3565 X-16, 2965Х.20, 4855X-20 A 386-33 a are OPIN SIAM 


MEG 5900 AMG 16300. SMEG 12200 16MEG — 68900 
ME MO O R tY B BOAR DS 
BOCA АТ PLUS 


16 BIT MEMORY BD. FOR 216, 386 AT * 0К-8Ме Bd 4 0 LIM Compat. «New 5 
Yr. Warr. Convent, Exprd. & Exind. Memory » Supports DOS, 05/2, LIMEMS д 
EEMS + Versanle Spit emory Addressing = Operates w'CPU Speeds to 33 MHz • 
Supports Desqwew, Mulutask operations * Bd. made by Boca Research, AT pius 
OK ~ $89.00 2Meg - $177.00 4Meg - 5265.00 BMeg - $441.00 


BOCA XT. 8 BIT BUS 
"Eaxanded merecry for XT = Lim {Л} compar. 0-99 = [15 25 bx ]- 10] 
OX -PH:t БӘНЕТ ЖЕТЕГІ 
IBM P/52 39BIT EXPANSION BD. 


Eng Ізі a Bd. for P/S2 70. BO, 90, Lim 40 
OMeg 2Meg Merten 16959 32Meg БМ | 
51790 — $263.00 € 00  $56900 559% 5195500 532550 


PSI МСА 0-8MEG EXPANSION BD: 


0-ВМеп Extended and/or Expanded Memory for all (BN 
| Р/52 Models 50, 507, 60, 555Х, 655Х, 16 Bit, 4.0 LIM Compat, 
| OK - 178.00 2Meg - -207. T AMeg - 295.00 BMeg - 471.00 


310-539-0019 PRICES SUBJECT 
РАХ: 310-539-5844 р, тоц MEE 


IBM PS/1, PS/2 MEMORY MODULES 


IBM PART NO. — WORKS WITH MODEL HO, PRICE 
30F5348 (512K) 37.00 
30-286. 25-286. 50 MTHR BD. 164.00 
Stars ee) ЖЕН aura, ss onam ч 
ОБО (AMEY ДАРТ. AGI НЕЯ Ei So 170.00 
19901. E6 `7 , „£900 — 
алын ТОЦ ЕИ амат аа дит 
5:. M ed ,00 
8119373 (AMD 225. 4084, asa 55. s BE EE 
1057095 sat T. 272 4800 
2۴9935 : к 9800 
9253925 амер 18900 
6450902 (2Meg 5, SiC ра: 95.00 
4 SX, d o 75. SNC Be 5644, Р/51, 386<Х 159.00 
менин Та 733,245 Val Pr #7, 485052 ИКИ 
М 77 4860Х2. езу p. 85 
unes ЛА” а 88 
Value boint ообо: nee ‘SR as И 
4019 16 Meg kit) RISC syst CALL 
2 (32 Meg kit) RISC Syste CALL 
4030 64 Meg kit) RISC Systenv6000 CALL 


IBM NOTEBOOK & LAPTOP'MEMORY 


А + | ide)” EMO, рро 
791 4 LX ОЕШ» 350€. 199 00 
791001 (мед DA v 343.00 
1826 (2Meg 03.00 
0761827 (4Meg 93 
0701828 (аме) HSS (ak) 419. 
0701414 (2Meg) Thinkpad 750, 750 " 119 
0761415 (4Meg eed 750, 750c 233.00 
0761418 6) Thin ad 750, ren 443.00 
6660094 (16Mag) Think с 750e 1143 Q0 
0701420 (4Meg a E iplb Bis 700, 700C, 720, 7206 229.00 
0761421 (BMeg Thinkpad 700, 1000) 7 720, 7200 433.00 
(0378 амер ae i» Psoe 359 
6060379 EMS) Thinkpad 350, 350с 759.00 
9728804 (2Ме0)  N45S 109 00 
MODEL AMT. UPGRADED CMPO PART ғ PRICE 
DeskPro 386/33, 388/331, 2Мепд Module 109.00 
486/25, 486/33L, 8Мед Module 429.00 
486/501, 5 Em Pro з2меў Module 1459 00 
DeskPro 38 {ERP Bd)? | w> 2219.00 .. 
DeskPro 386/25. 3 1M Module. ^^ 7900 . 
M 4М Modula 209.00, . 
DeskPro 386S-16MHz - {Мер Exp Bd." . 214900 . 
" £xp = 329.00 . 
10. .. 29.00: 
АМ Mado 22800 -- 
DeskPro 385/20E 1Meg Exp Bd 149.00 
DeskPro 285/25Е 4Meg Exp &d 329 00 
ule 7900 
АМед Мойше 229.00 
DeskPro 285N, 3B6N, 1Me9 Module 59.00 
2865Х/20, 386/25М, Мед Мойше 89.00 
4865/25М, 4865/16M 4Meg Module 183.00 
Port. 486C есеи 128877-001 399.00 
М Series Exp Bd -54Me 128160-001 273.00 
DeskPro 38 tMag Kit 108071-001 99.00 
4May Kit 108072- 001 293.00 
1-2Meg Exp Bd 8 219.00 
4 жа Bd 437.00 
DeskPro 286 12K Kit 43.00 
DexkPra 5/60, 5/66M Meg Kit 388 00 
5/60, 16Meg Kit 763,00 
ПезХРта 5/60, 5/56М 32Meg Kit 1889.00 
OeskPro 5/60, б4Мер 2699.00 
DeskPro 5/60, 5556М кома ка 7199.00 
Prolinea 386 1/7255, 3/2528. ES 
Prolinea 488 4/25S, 4/13 ito, ait, io; 142 95.00 
T i: 2 489.00 
429.00 
Prosignia PC Server, 486/33, ҮН 141685-001 42900 
488 05Х/66 16Mep 149320-001 689.00 
32Meo 149147-001 1525 00 
Prasianta 5/60 16Meg 139132-003 733.00 
Prosignia 5/60 32Meg 139132-004 659. 
Prosgna 5/50 64Meg 139130-001 


Prosna 5/50 133132-007 


LTE/2B6 2Meg Bd 117081-002 99.00 
LIE/2B6 4Meg Bd 117081۰003 179.00 
1 ТЕ/3В65/20 AMeg Module 121125-002 239.00 
LTE LITE/20, 2 AMag Moduie 129769-002 239.00 
LTE LITE/20, 23 56 ЯМға Module 129769-003 399,00 
LTE LITE/20, 25, 25C 16Meg Module 129769-04 809. 
LTE LITE 4/256, “4/23Е, 4330 4Mag Module 1423737402 219.00 
LTE LITE 4/25С. 4/23E, 4326 8Meg Module 142337-003 429.00 
LTE 4250, 193Е 431С 16Meg Module 142337 -004 789 00 
511/2 1Meg Module 110235-001 75.00 
SL 1/286 4Mag Мойше 110227-001 2:9 00 
517/385 1Мес Moduls 118203 .001 79.00 
5077185 2Meg Module 118304-001 109 00 
SLT/356 4Meg Module 115305-001 21906 
Сомига 320, 325 2Men 139497-001 169.00 
4Még 139498-001 183.00 
8Meg 139499-001 369.00 
Cantura 4/25, 4/250, 4/25CX 4Meg 14652 1 189.00 
BMeg 146521-001 369.00 
16Meq 146531-001 769.00 


MODEL PRICE | MO PRICE 

S-RAM Cards 1MEG 159 00 | 14,4005 4,400 Оша/Ғах 

5-НАМ Cards 2MEG 17900| Modems 319 00 

Card Pro (made by Data 1/0) 9600/9600 Data/Fax Modems 259 00 
Transfers data fram PCMCIA 2400/8600 Data/Fax Modems I 


card to desktop PC, connects 
to a paraltel port 


Lan Ethernet (10 Base T) 
299.00 | Visual Media (CD Вот, Tapa Сг) 279. 00 


FLASH MEMDRY 
10Meg 689.00 


25Ме0 29900 5М 41900 tSMeg CALL 20Meg CALL 


NO SUACHARGE FOR MASTERCARD, AMEX VISA OR ОБОМА PURCHASE DRDERS ACCEPTED FEM HOR. | 
TUNE 220 GOVERNMENT L INSTITUTIONS. Сайла FDS, 3813 25*.saies Ша Ресей orders сі дее 
етеу pets ant s a АР TRO iei О ТЕГ Md = ласо Ti arca pt rud | 


ennt py Ах, APO, ТРО «есеге CASTS 37 RH є 
Carpet d tapped UY) AS сой Card charges yerthed icr HEISE oe SORRY ا‎ X) OMS - 
| 6£1CHANGES ONLY Ves MC, VISA, Cucover, АЁ, EEE ottient, purchase orcers. wre taeser COO 


iun бас они СИК ком checks Oniers she SS FEDI mut be өрге К ғ 
* AU, MANFACT RER PART ЄС ARE FOR REFERE ОМ, Y * МАМ ORDER 55200 
Price and атаар кліңесі tg citane қый nolite. 


Ай products Brand new & guaranteed » We buy excess inventory 


Trademarks are registered with thelr respective companies. 


22825 Lockness Avenue е Torrance, СА 90501 


1-800-433-3726 


(US and Canada) 


Е5ТАВ. 
1985 NO WILL CALLS Sat. 10:00 a.m. to 19:00 noon 


PRICES MAY.FLUCTUATE:; CALL FOR LATEST PRICING!! 
Circle 210 on Іпаиіту Card (RESELLERS: 211}. 


TOSHIBA LAPTOP MEMORY 


MODEL AMT. UPGRADED MANU. PART # PRICE 
T1000SE/XEALE 2Meg — PCI14-PAB312U 94.00 
T2000/T20005X 2Meg | PCIB-PA8217U 94.00 
T2000SX/T 1000ГЕ амер РС-РАВ2ЛА) 0219.00 
T2000SX/T1OQ0LE ameg — PCI4-PAB3ISU — 41900 
1806, 1850, С 2409 PC-PA2000U 94.00 
T20005XE/22009/T18CO, 1853. С аме; PC-PÁD00iU 219.00 
7 T20005XE/2200SX/T1 800. 2850,6 азмы; РС-РА20020 419.00 
T4400SX, BXC 16400: `` Meg PC-PÁ2004U 219.00 
145005Х. EXC TE400 вм. — Pé-PÀ2Q0SU 419.00 
144005X, SXC T6400 T6Meg PC-PA2010U 713.00 
14500, T4500C, T4600, T1900, T1900C (3.3 v}4Meg РС-РА20120й 249.00 
14500, 74500, T4600, T1900, 719006 (3 3 vj8Meg PC-PA2013U — 479.00 
74500, 14500C, T4600, T1800, Т1900С (33 v)16Meg — РС-РА20140 1399.00 
1330051. AMeq PC-PA007U — 234.00 
1330051. 6Meg РС-РА20040 14900 
T33005L 8Meg МА 48900 
1330051. 16Meg РС-РА2009) 719.00 
T1200XE 2Meq РС13-РА6З08 99.00 
1800 2Meg PCB-PAB302U 99.00 
T3100 2Meg PC3-PA7135E 179.00 
T31006 2Meg PC9-PA8340U 109.00 
T3100$X ZMeg _ PCI5-PAB308U 109.00 
THONX C AMeg РСЇБ-РАВЗІОЈ 20900 
тусо’ Удер) PC5-PA7137U 185.00 
132005х ео — PCI2-PAB3OTU 11900 
732005ҳ 4Meg PCI2-PAB909 29900 
Ү32005ХС ?Meg —"POIS-PAB318U — 11900 
T32008XC Май -- POId-PAS3IOU 219.00 
T5100 2Meg PC7-PAB3DIU 95.00 
15200/78500 2Meg РС10-РАВЗ(МИ 114.00 
T5200/TÉ500 BMag —— РСТО-РАВЗІЗ) | 419.00 


` NOTEBOOK, LAPTOP MEMORY 


мора, АМТ. UPCRADED MANU. PART 0 PRICE 
ADEA 730 4 109205649 
ACER 750 4Meg беу 195/45%289 
ALR Venture 4% 12407980 278 00 
ee шм 500814003 189.00 
AST Power Exec 3/380, 62561. Шш VR. 22 199.00 
LAST Powst Exec 3/256, 425EL | ықы 2. $18.00 
AST Panier Exec 47551. „Aeg сти 199.00 
AST Power Exit 42551. -<БЕЙЕСІ! 4 818.00 
RS ET 
Бетти B310V. SX . iMag = - 108 66 
Bondwell B310V, SX 489 22900 
Epson КВЗ AMA A808511 199 0) 
Everex теа іХ. 1520. Meg РСА 0005-0001 99 00 
Nomad 475 0151. 4М907163) 198 00/1559 02 
Олмаг 05520 256516 4 5386-41 
Шараға vox Metais Meg, Mg 285, 1365Х 103.00, 192.00 
NEG Ртреренд 286, 3855X-18 Мер РС21- 78.00 
NEC Protpeed 286, 58651-16 aM PC21-22 199.09 
HEC Progpead 386 MM PC31-21 11900 
NEC Prospeed 386 BMY £C31-22 399.09 
КЕС Prospeed 2865Х-20 Meg PCA3-21 79.00 
HEC P 33654-20 Meg РС42.27 199.00 
NEC U 20, 20Р, 25C 2 PCA7-21 105 00 
МЕС [ iMag РСА7-22 19:00 
NEC Цлтамя 5/20, ХР Me; PO43-21 X80) 
dcr Amm e. 
oat УЕЗ Meg deg | 286. 109,193 
' н, Un 4 1MeQ — CF-BATES 43% 
Panasonic CF480 ` т. CALLCALL 
Sanyo 17/78 NB oc ФМер. МСН МЕМ? 9300 
Sharp 6781, 6881, aras TAM tle 103 09/189 00 
Sharp PC-5220 1Meg CE 6218 70.00 
Tandon, PC Brand, Datzeorkd ?Meg. ЕМер NiBXes-70 119 00, 429.00 
TI Travetmats 2000 1Meg 2569034 0001 79 00 
TI Traveimate 3000 2Meq £400 
ТІ 000 Meg. 164467 158 20. 154900 
" 1850, 4955Ж D iMg iag 193 00/859 00 
и | X ] 
арн Notebock ла 990) 
Zenth Master Sport 3865X Heg 2A-399-1 114 00 
Zen: Master Sport SL, SLE ?Meg 244-4 119.08 
Zenith Sune? Sport 236. 2865 ІМе 24-180-65 99.00 
286E, SX ?Meo 24-180-64 178 00 
SX 0 сме 14-1805 119.00 
SXB 2Мю) 24-18-87 179.00 
Zenith Z- “Note 325... LC pre 2A3250-4/5 1290041900 
Zenrh 2-Nole 425LN LNC, LNP UBAGMay 06951 


AMOUNT UPGRADED OK Ва 2584 1 2 335 4 5 а b 15 m 
Canon LBP, 4120 біб —- - 15020198 - - - -- += - - 
Compaq Pagernarq - - -B - – 195 - -W - = 
Epson 6000, Action Laser ~ - -125 - ~209 - + = - - 
Epson Action Laser Il — - 8 -CM = -Üt - =- - >= 
Epson 8000 - - 68 -Ql - -Öl - - > - 
Epson 1000, 1500 - - ال‎ - -ai ~ Ca - - - 
HP 2. 20- - - -"n9 - -19 += - - = 

HP 3, 3D, ЭР. 2Р2Р+ - - -"9 - -19 + - - - - 
HP 4, 4M, 451. 4S5IMX - = ВӘ - -195 - -II - - 
HP 4L - -g--------- 
HP 351 - 8 - - -~-i - -3V - - 
МР 451 - - - 588 - -189 - -IV - - 
HP Design Jet 600 - = - =- = -iÑ - -I - - 
НР Desket 500, 5000, 550 - 54 - - - - - - - = = >- 
HP Deskjet 12000, 1200C/F— ~ -88 - ~189 - -39 - - 
HP Painijat XL300 109 -=~ -- -34 - -4%997 - 
IBM Laser 4019, 4019E — - = = 4669 - - = -. -. - 
(BM Laser 4029 - - - =- - =9 - - - - - 
ІВМ Laser 4039, 4079 - - = 9 - -iB = -I - - 
NEC 90, 290 - - =3 - - - - = = - > 
MEC 95, 87 - - -B + - - - = = - > 
Ou 400 - - -V - - - - - = - > 
Ок: 400 E - -135 189 - -- --- a + 
Ом B30, 840 - - -109 - ~ - æ- = = >- 
Packard Belt PB 9500 - - -1 - -29 - - - = - 
Panasonic 4420/44501 - - -9y9 - -29 ~ - - - - 
Panasonic 4410/4430 - - - 128 - -195 - = - = >= 
Panasonic 4450 - - 9 = = = = e - - - - 
ТІ XUPS17/PS35 = - - = = = w a = = 
BAR CODES Bar Code Reader Font, —— „. ...99.00 
DESKJET SOLUTION гог Dit 500 & Pius, 92 Fonts, " 5, (1-50 pt. ..89.00 
ІНМ 4019, 4019E, FONT CARTRIDGE 209 Fonts, Turba Card... 105.00 


TURBO 28 Comparable to Pacific Data's 25 CARTRIDGES IN ONEI™ 142 | 
Fonts (compat. with Epson Action Laser I! and ail НР Printers except HPA ) .. 59.00 
TURBÜSCRIPT'* 109, 109 Scatable Fonts Io кеде Point Sire 


(HP 2, 2D - 139 159, 199)... ^ A 79.00 
TAX & FINANCE FOR ІВМ 4019, 4019Е, 4029.. АР 139.00 
ТАХ & FINANCE CARTRIDGE 2222... ................. 


OKI 400, 800 41 fonts, 11 typestyies. . — - ——H— 


SORRY, Mon-Fri, 8:00 a.m. to 5:00 p.m. PST 


THE SIMPLE 
CONNECTION BEHIND 
COMPUTERS AND 
BACKPACK TAPE DRIVES. 


It’s fast. It’s small. It’s reliable. It’s incredibly compatible. 


Backpack is the best selling parallel port tape dnve апа |Mbps transfer rate, Backpack is the smallest 
on the market. We'd like to tell you why. and fastest parallel port tape drive you can buy. 
With Backpack, tape backup is quick and simple. Micro Solutions is dedicated to the perfection 
Just plug it into your printer port and it's ready to of backup technology. 

use. INo hardware conflicts, no slots required. One CD-ROM, hard drive, and diskette Backpack 


model fits all ІВМ PCs, compatibles and portables, 


drives are also available. Call today for ordering 
regardless of CPU speed. 


information and a dealer nearest you. 
Backpack can store up to 250MB on a tape using 
data compression, is completely QIC80 compatible, Ташны, ДЫШ E а 
and reads QIC40 tapes. With tts compact size MicroSolutions 132 west Lincoln Highway Dekalb, IL 60115 


Call toll free: 800-295-1214 


Circle 198 on Inquiry Card (RESELLERS: 199). 


Your ONE-STO! 


КАС 


Rackmount Enclosures 
“20 Different Modcis 

* Designed for 8,12,14,20 Slot Board 

• Up to 8 Drive Bay & 600W Power Supply 
* Redundant Power Supply (Optional) 


Rackmount Monitors 

* 9° to 20" Diagonal Sizes 

* Monochrome or Color SVGA Monitor 

* Monitor Kit for Desktop Monitors Available 


E 


ki 


= 3 va - е , T : | ИП 


CPU Cards 

* Designed for the 16 bit 32 bit VESA Local Bus 
* Upgradeabie from 386DX to 486DX2 66MHz. 

* IMB to 64MB On-board Memory 

* [SA/EISA/VL Bus Backplanc - 3 slot to 20 slots 
* Segmented Backplane (Optional) 


Rackmount Keyboard <q 
*Full Travel Drawer Mounted 101 Keyboard 
with Mouse Holder 


‘Membrane 101 Keyboard 
*Keyboard Drawer for Full Size 101 Keyboard 


p "iae ct 


Redundant Power Supply 


* Designed to provide continual AC Power Source 
* Zero System Down-time 


Hard Drive Enclosure 


* Designed for 4 Full Height or 8 HH Drives 
* Up to 600W Power Supply (Two x 300W PS) 
* Redundant Power Supply (Optional) 


Appro International, Inc. is 
dedicated in providing our з вана азиз ниви сев We provide a wide range of 
customers with top quality КИИ rackmount enclosures, 

products, unsurpassed service | — | monitors, keyboards, Single 
and support at an extremely Board Computer (SBC), and 


attractive price. With extensive Industrial Rackmount System backplanes. Whether your need 
experience in the rackmount та i I ЖЩ is to ruggedize a current system 
industry, our representatives + 3 Extemal and 2 Intemal Drives or acquire a completed 

can offer a wide range of rackmount system, APPRO has 
products to fit a variety of АРРЧО the solution. Call our 
customers' needs. INTERNATIONAL, ING. ` representatives for more 


information on our rackmount 


800-9 Z 7- 5 4 64 products. 


3687 ENOCHS ST. SANTA CLARA, DA. 95051 % TEL. (408) 732-6091 * FAX (408) 732-6095 


Circle 202 on Inquiry Card. 


е Test Of Time 


5... With Sid Meier’s CIVILIZATION" 


n —À F>. y ” 
м m rrrrrea 1 
fice (VP rrrerrrrecer t |i itm E^ 
1991 Hp 1992 
* Best Consumer Entertainment Game of the Year 
Program _ A қ Computer Gaming World 
” Best Strategy program PC Special Achievement Award 
« Critic’s Choice Game Players PC Entertainment 
Software Publishers Association a Game of the Year 
Game of thé Year Byte 
Tat Best Simulation 
Game of the Year PCM 
Strategy Game of the Year 
PC Games Plus 
Rout Ramses... Outwit Alexander... Knockout Napoleon... 
History |5 littered with the bones of great men who thought 
their achievements would live forever. Now you can 
succeed where they failed as MicroProse brings you 
Sid Meier's Civilization. Guide a culture from its earliest 
stages, through agricultural and industrial revolutions, all 
the way to your own Space Age. Survive and dominate 
by outmaneuvering mankind’s most legendary leaders. ENTERTAINMENT « SOFTWARE 
Carve your name indelibly in the pages of history. With © 1993 MicroProse Software, Inc., 180 Lakefront Drive, Hunt Valley, MD 21030-2245. 
Sid Meier's Civilization, you really can build a brave For Macintosh, IBM-PC compatibles, and Commodore Amiga personal computers. 
new world. To get our free catalog, call 1-800-879-PLAY, 8:30 am to 5:00 pm EST. 


Circle 195 on Inquiry Card. 


CONTROL UP TO 96 PC 
FILE SERVERS WITH 1 KEYBOARD- 
AND MONITOR USING... 


COMMANDER 
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e Select via Keyboard 


e Dual access up to 250 feet 
away (optional) 


e No external power 


e Mix PC, PC/XT, PC/AT 
and PS/2 


e “AutoBoot™” Feature 
boots attached 
computers without 
operator intervention 


е Able to Broadcast to all 
attached computers 


e PS/2 and Serial Mouse 
support available 


е Each unit accommodates 
from 2 to 8 PCs 


e Up to 12 units can 
be cascaded 


e Mounting kit available 
9 for 19" апа 24" rack 
PEELE installation 


Жовх еее 


| reel 4912 Research Drive 
ашин Huntsville, AL 35805 U.S.A. 


(205) 430-4000 
FAX (205) 430-4030 


PC, PC/XT, PC/AT and PS/2 are trademarks of 
International Business Machines Corp. 


Circle 187 on Inquiry Card (RESELLERS: 188). 


Direct buyers want the best products. 
The best performance for the price, and 
— above all — reliability. 


That's why Arnet uses a unique feature 
called SurgeBlock to protect every port 
on its I/O boards from power surges. 
They're the leading cause of I/O board 
failures because they'recaused by count- 
less sources — from lightning storms to 
simply walking across the floor. 


SurgeBlock gives our I/O boards unbeat- 
able reliability. It was the first onboard 
surge protection, and independent tests 
prove it's still the best. Call us and we'll 
send me the results that prove it. 


Ti Bo гі Dosey Ға» 
| % раға » LO DU y Wirect 


Not + are our boards the most reli- 
able — with a field failure rate of less 
than 1% — they’re also the best direct 


buy around. Here's SM 


Our | ЛО О ж жн EE t two to 
512 users and operate at speeds from 
2400 to 115K baud — with prices start- 


ing at less than $70 per port! 


Our 1/0 a are compatible with 
more than 30 operating systems, includ- 
ing UNIX, Windows, DOS, Multiuser 


DOS and NetWare.™ 


Гатгат naty — 
We = our reliability with a 30-day, 
hassle-free money-back guarantee plus 
a Lifetime — 


ат 


if your Pboard dies fail, you can have a 
replacementat yoursite within 24 hours. 


Qualified customers can buy with our 
convenient Amet Gold credit card or 
other major credit cards. And we offer 
next day delivery! 


Buy six boards—now 


or one at a time—and 
get the next one FREE/ 


Arnet's SurgeBlock Protection 
Keeps Our I/O Boards From 
Frying Like the Rest 


Injected Voltage 
CS06 test by Wyle Laboratories. 


Call for your copy. 


E l T 


Arnet Equinox Stallion Specialix Computone 
SmartPort МЕСАРОКТХР Brumby SI/XIO —  Intelliport ПЕХ 


SmartPort and SmartPort Plus 
Create PC systems that can grow as you do with SmartPort and 
SmartPort Plus. SmartPort is best suited for systems supporting 
up to 8 users per slot. SmartPort Plus is most cost-effective for 
systems requiring 16 to 32 users per slot. А powerful onboard 
processor offloads serial I/O from the host PC to dramatically 
improve data throughput. 

* Supports 1/О speeds up to 38.4K baud per port 

* Up to 64 Kb of dual ported RAM 

* Full signal support for modems and other devices 

* К5-422 support on SmartPort Pius for longer distances 

“ SimulPort terminal paging software 

* SimulPrint transparent printing utility 


ада! е, ve ттт. case тЇ ohn > (“Хе 
f 1 iiigent HO Communications Subsystem for PCs 


COMStax 
Add a COMStax host card to your PC to support up to 128 
users per slot. An onboard high performance 20 MHz RISC 
processor enables transmission rates up to 115.2K baud per 
port. 
* Desktop stackable modules for asynchronous, 
synchronous and high-speed parallel printing 
* Up to 8 stackable communication modules per 
host card 
* К5-423 support for longer distances 


T; Т «ири d wii "Ili J PI. ra , Ife re 
Or JO? a [ i liti ТИС ОРГ LISCI: 


ClusterPort 

Build large systems that can support remote users with 
ClusterPort. A host adapter card with two high-speed syn- 
chronous links connects to multiple 16-port Cluster Boxes or 
to modems for remote locations. Remote users can be con- 
nected without using costly multiplexers. 


* Supports 128 ports per slot, 512 ports per system 

* Supports local users thousands of feet from the host 
without modems (miles with optional Fiber Link Kit) 

• 1.2 Mbps RS-422 synchronous link between host 
adapter and local Cluster Boxes; Up to 64Kbps 
synchronous for A Cluster Boxes. 


Ask for Your FREE Catalog of Arnet PC oe Solutions! 


800-377-5515 û ARNET 


Е АХ: 800-377-8848 Rock Solid Connections from Digi International 


= eum си 


Nashville, TN 37211 
Атеі and the Arnet крш registered trademarks of Arnet Co (615) 834-8000, (615) 834-5399 FAX 
ration. All other trademarks are the property of (heir respec өлү 


corporations. Test conducted by Wyle Laboratories, September 
Circle 213 on Inquiry Card (RESELLERS: 214). 


Take Note: 
The World’s Best SCSI Adapter 
Just Got Better ж. 
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ES Pta PT 
SmartCache III | ja T 28 os 


is the total, growable SCSI solution! — | (=н | 


The world's best SCSI adapter is now the world's greatest bargain—priced lower 
than any major competitor. An unprecedented value, SmartCache Ill offers top 
performance and universal connectivity with all major SCSI-1, SCSI-2 and Fast 
SCSI devices, including hard drives, tape, CD-ROM and WORM. 
It also comes with built-in support from all major operating systems, including 
DOS, Windows, OS/2, NetWare, Windows NT, NextStep and all versions of Unix. 
And only SmartCache III gives you a growth path. Optional plug-on modules 
let you migrate easily to caching (with up to 64Mb cache), as well as full RAID 
capability. Storage Manager, our GUI utility, makes installation quick, easy and 
automatic. Plus, it gives you on-line and remote control over subsystem man- ' 
agement, diagnostics, performance monitoring, and disk array configuration Call DPT, today: 


ЕР — | 3 f D PT 800-322-4DPT 
ста P. FAX 407-260-5366 


"List price for ISA model PM2021/90 SCS! Adapter Board 
Circle 189 on Inauirv Card (RESELLERS: 1903. 


Jameco Motherboards 


» Motherboards now 
available without 
CPU! Call for detaits 

ғ Diagnostic and 
Operating sysiem 
software available 

* One-year warranty 


95231 


80486DX 50MHz w/CPU ..$799.95 
93534 80486510 50MHz w/CPU ..399.95 
95222 80486DX 33MHz w/CPU ...549.95 
79214 804865Х 25MH2 w/CPU ...289.95 
82333 803860Х 40MHz w/CPU ...239.95 
82350 803860Х 33MHz w/CPU ...219.95 
101821 803865Х 33MHz w/CPU ...124,95 
84945 XT 10MHz w/CPU............. 79.95 


RAM Memory E] 


41371 41256-100........ 256KBx1....$1.75 
41398 41256-120.......256KBx1 .....1.59 
42251 511000P-80 ........1М8хї ..... 5.95 
42219 511000P-10 ........ 1MBxi ені 5.78 
SIPPS 

41700 421000A9A-70 ....1MBx9 ..$60.95 
41718 421000A9A-80 ....1MBx9....49.95 
41697 421000A9A-10....1MBx9....49.95 
SIMMS = л EF 
41523 41256A9B-80 ...256KBx9 ..$14.95 
41486 41256A9B-10. .256KBx9....14.95 
41689 421000A8B-80 ....1MBx8....49.95 
41742 421000A9B-60 ....1MBx9....59.95 
41751 421000A9B-70 ....Í MBx9....54.95 
41769 421000A9B8-80....1MBx9....48.95 

SIPP to SIMM Converter 


• Usa SIPP's in place 
of SIMM's 

» Upgrade from а SIPP 
Motherboard to a new SIMM Motherboard 
without buying new RAM 

• Fits into standard 30 ріп SIMM socket 


93382 SIPP Module Converter ...... $9.95 


Keyboards & Keypad 
78211 32-key keypad ............... $59.95 
20431 84-кеу keyboard.............. 39.95 
17128 101-key enhanced ........... 74.95 
17138 130-кеу enhanced ........... 99.95 


Computer Power Supplies 
>: 


* Fits most popular desktop 
mini vertical, and vertical 
cases * One-year warranty 

» 8088/80286/80386 and 
compatible «Built -in fan 


19465 150 Watt (8088) ............ $69.95 
67467 200 Wall ..... Posee pis 89.95 
19545 АШ МЛН. азаа кажан 89,95 
19553 200 Watt mini ................ 89.95 
65728 SU WE К СИГ 139.95 
oui cn ies 

е 8088/80286/80386 | ' 

and compatible 


• One-year warranty м. 
* Expand your memory or enhance your 


graphics capabilites 
93542 VGA Hi-color card ........$139.95 
67459 VGA сага...................... 59.95 
91230 Monochrome Graphics ...... 39.95 
29313 32MB Memory card ........ 
19975 (8088) Memory Card......... 
Parallel Printer 
Cables and Adapter 
28695 PPC Adapter - straight......... 
28716 PPC6 6 -stralghi................. 4.95 
28708 PPC12 12° - straight................ 8.95 
28741 PPR6 6 - right angle Centronics 6.95 
9-Pin Serial Cable 
31721 5АТ6 9-ріп serial cable........ $4.95 


DB25-Pin Extension Cable 
39538 25M10M Male to mala ........ $8.95 


Floppy Disk Drives 


“ 8088/80286/80386 and 
compatible 

• One-year warranty 

КЕ — 39982 eee 
FD235J 2.88МВ 3.5 
356KU 1.44MB 3.5" 
FD558 360КВ 5.25 
FD55G 1.2МВ 5.25" 
50540 360КВ 5.25" 


Floppy Controllers 
and 1/0 Cards 


„ One-year warranty 
» 8088/80286/80386 and compatible 


Multi 1/0 with Floppy Controller 


19895 8088 Multi UO ..................... $69. 

19908 286/386 Multi 1/0 ................... 59.95 

Floppy Disk Drive Controller Cards 

19617  Two-drive controller ............... $34. 

19668  Four-drive controller ................44.95 

А5232 Card (4 ports) 

76726 4 Роп А5232 Card ................$59.95 

RS232 Serial Cards 

78713 16450 UART........................ $29.95 

Conner IDE 

Hard Drives 

One-year warranty 

14058 СР2000 

14068  CP30084 80MB 

93286  CP30174E 170MB к 

93294 СРЗ0254 250MB................. 299.95 

93307 СР30544 545МВ................. 749.95 

Silicon Valley 

IDE Disk Drive 

Adapter Cards 

« One-year warranty 

10233 ADP20 16-bit hard ............. $22.95 

10250  ADP20F 16-bit hard/fioppy ....... 29.95 

10268  ADPS50  8-bithard................. 59.95 

10276 ADP60  16-hit hard w/ BIOS.....69.95 

10284 АПОРБОҒ 16-bit hard/ .............. 74.95 
floppy w/ BIOS 

74114 АОР65Ғ 16-bit hatd/quad ........ 99.95 
floppy drive adapter 

101670 ADPSOVL Super 1/0 Card (VESA)..99.95 


D-Subminiature Connectors 


* Compatible with 24 Vamm” 


AWG Cable « Metal sheil 


„ Solder cups for 22 AWG 

wire * Male connectors with grounding tangs 
Рап Но, Product No. Gender 1-9 10-99 
15747 DESP | pe mo -—e— $.35 
15771 BESS a Fo] TT 39 
15034 ОА15Р М.......... "t -— 45 
15051 ПА155 FAS. eee 49 
15114 0825Р M.E BI 55 
15157 08255 ee. Lr C - 63 
15472 DC37P аар | ОЦЕ: 95 
15499 00379 [К\з уре Dns 99 
15675 0050Р Boos ri NE 1.49 
15691 00505 ІШ. сыған 2B ..... 1.69 
D-Subminiature Slim Line 
Gender Changers 
18497 interfaces two D-sub 9-pin F ...... $3.95 
18489 Interfaces two D-sub 9-pin M....... 3.95 
56071 interfaces two D-sub 15-pin F ...... 4.19 


56063 
18446 
18420 


Interfaces two D-sub 15-pin M .....4.19 
Interfaces two D-sub 25-pin F ...... 4.29 
Interfaces two D-sub 25-pin M .....4.29 


AMECO 


COMPONENTS 
COMPUTER PRODUCTS 


no EPROMS m E 
00 ФЕ tt тын 
ТИІ ТМ52716............................ "Е = 
WONG Т гезуни 3.95 
ПІ NE oos 25 o ossacsnssssinponiassonanen 4.19 
140230 2764А-20............................ 4.49 
39829 27664-15............................ 3.75 
30933 27128-25....................... sacs Palo 
YUE: 247. ауаз, 4.95 
39984 2712ВА-25 .......................... 4.49 
EET 2/0029 15 eee rore 6. 3:89 
КӨТ  21256-15..... eee eoo reno root eoe 5.39 
40061 27256-25............................ 4.75 
ЭШМЕ = AL o o A 5.49 
39722 270256-20 .......................... 5.25 
s ro ACSIA VS Siiicasosecassesscenesues 5.49 
BESRE — 216020715, .oocuso simam cena 10.95 
43592 68/66-435....................... e, 4.85 
UVP EPROM Eraser 


* Erases all EPROM's 

• Erases 1 chip In 15 minutes 
* Erases 8 chips in 21 minutes 
• UV intensity: 6800 UW/CM? 
* Size: 9.0°L x 3.7W x 2.6'H 

* One-year warranty 


15712 


1 Socket 16K-2MB E(E)PROM 
Programmer r 


* Programs EPROM's, 
EEPROM's, and Flash 
memories 

* Programs 16KB to 2MB 
EPROM's 


DE4  8-Chip eraser............. 


78457 


» Programming speeds/algorithms: 
Normal, Intelligent, and Quick pulse 
* Manu driven software • Full screen buffer editor 
e File formats supported: intel Hex, Motorola 
S Hex, Tektronix Hex, and Binary 
• 2 & 4-way Binary file splitting programs 
• 2 & 4-way Binary file shuffler programs 
» Includes adapter card, software and manual 
e Size: FTL x 5.5°W x 1.75°H • One-year warranty 


78457 1 Socket 16K-2MB (above)...... E 95 
101400 1 Socket 16K-512KB ............. 9.95 
78465 4 Socket 16K-2MB Programmer e. 95 
78473  BSacket 16K-2MB Programmer .469.95 
78481 1 Socket 16K-BMB Unversal ..... 679.95 
Portahle IC Tester 


Our hand-held ІС tester is an 
easy-to-operate, cost effective unit 
that includes excellent functions. 


» Supports TTL, CMOS, DRAM 


41, and DRAM 44 Series 
• Size: TL х 3.625"W  * One-year warranty 


73525 Portable 1С Tester .............. $144.95 
Microprocessors - 
TM 
26147 ММ54104М......................... $24.95 
20447 — MMSSOTAN ............................. 7.49 
SFIDE o —— 4.95 
ЖҰНЫ GLDEE.................. нген 5.95 
co) Һ..........ь-...............»»..->. 3.75 
КНП ЖШ uc 1.95 
BUM BOOT. OE 3.59 
DIGE MEE 0o MEX 6.95 
ИЕ ШОҒАН.;;ее:%6 өз геуены ы все 5.95 
v A 0 m с-нен. ааз 3.95 
со A o OES 2.95 
ОРА, Баланар. 2.75 
|. жы 2.95 
BEATE Ln MEME s 3.95 
opo: ——— — ү 8.78 
БЛОТ ОТН: —— на ..-.0.75 
ЖЕ SRI aereo gru o dt 24,49 
| ue  ————— oe 32.95 
1355 Shoreway Road 
Belmont, CA 94002-4100 


FAX: 1800923796948 (Domestic) 
FAX: 415959292503 (International) 


r es wm o 
Call 1800983194242 to order today! 


Circle 193 on Inquiry Card. 


Call for our naw 1994 Catalog today. 
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Waber Surge Protectors 


* Electrical Rating: 15 Amp, 
120 VAC, 60Hz El 
* Protection devices: Metal a. n 
oxide varistors • OEM pricing 
е EMUI/FFI noise rejection; up to 
15dB * Easily instalis into wall outlet 
e UL 1449 suppressed voltage rating: 400volts 
* Clamping response time : «5 nsec 


rr 
= В 


99291 EP6 6 Outlet Wall Piug-in ..$5.95 

99979 ЕР6М 6 Outlet Wail Plug-in....9.95 
with telaphone protection 

99987 ЕР6М 6 Outlet Wall Piug-in....9.95 
with cable ТУ protection 

7 Outlet Power Strip 


4 Vv ie Д ХАЙДА өз 


>» Audible alarm sound for surge protection 
е Master power switch 94 Power cord 

* Push-to-reset 15 Amp circuit breaker 

• High-impact thermoplastic case 

“ Size: 3,2511 x 2.125"W x 1.125H 

• One-year warranty 


98749 LR69225 


Apple Il, 11+ and Пе 
Switching Power Supply 


Power Strip...... $9.95 


е Can drive four floppy disk drives and 
up eight expansion cards 

e Short circuit and over load protection inside 
the Apple Il, 1+, Ив • 60 Watt 

• Fully regulated +5V @5A, +12V @ 2.5A, -5V 
@5A,-12V@.5A  *One-year warranty 

“ Same size as original power Supply 

* Apple type plug-in power cord included 

• 110V/220V switchable 

е Size: 9.875'L x 3.5'W x 2.25'H 

“ Data included * Weight: 2.8 Ibs. 


222698 КНР4007 Power supply ....$49.95 


Apple IIGS Switching 
Power Supply 


* Fully regulated +SVDC @ БА, +12VDC Q 2A, 
-5VDC @ 0.5A, -12VDC 8 0.5A • 60 Watt 
• Input Voltage: 115VAC One-year warranty 


85518 Switching power supply......$69.95 
Metex Digital Multimeters 

е Handheld high accuracy | 

е Measures AC/DC voltage, | 


AC/DC current, resistance, , 
diodes, audible continuity test, [4 қ 
transistor hFE | 
• Manual ranging w/overload 


protection 
“ Comes with probes, batteries, © 

case and manua! = = One-year warranty 
27078 3.5 digit multimeter.......... $59.95 
27086 3.5 digit multimeter with 


frequency & capacitance ...... 69.95 
3.5 digit mulilmeter ........... 39.95 
4.5 digit multimeter with 

tach and dwell .................. 69.95 
4.5 digit w/frequency and 
capacitance/data hold switch. 99.95 


AC and DC Wall 


Transformers 


• Male Plug - 3.5 mm 

* Female Plug - 2.1 mm 
e UL listed 

* Current rating to 1 Amp 


27115 
27140 


27158 


10129 МАС 500тА Male...... $4.95 
10073 12УАС 500тА Male........5.49 
10081 12УАС 1000mA Евтаїе.. ..5.95 
101266  6VDC 500тА Female? ....6.25 
15561 9VDC  500mA Male .......5.49 
15368  12VDC  500mA Female! ....5.95 
15392  12VDC 1000mA  Male....... 7.95 
OTO ©-@—-®' 


Wireless Information Delivery from Motorola, 


j . EMBARC puts 
4 wireless power 
* in the palm 
of your hand! 


EMBARC Unlocks the Potential of Your Personal Digital Assistant 


At ЕМВАКС, we've expanded our wireless reach to include today’s newest. most portable class of computer — the personal 
digital assistant! Now, a wealth of wireless news and information comes straight to your PDA over the EMBARC wireless 
network. АП you need is the EMBARC Motorola NewsCard wireless data receiver. 


Virtually anywhere you travel in the U.S. and Canada, the EMBARC wireless network keeps you sharp and 
productive with a broad array of subscription news and information services. Dozens of subject options from such 
leading sources as USA TODAY, REUTERS and INDIVIDUAL. Inc. keep you up to speed with everything from 

financial market updates, to industry-specific news, to sports and weather. Plus, you'll be on top of business with 
full-text wireless E-mail and file transfers from your office. 


The EMBARC Motorola NewsCard fits many of today’s popular PDAs, including the Casio Z-7000. 

Tandy Z-PDA and GRID 2390, and operates for a full month on one AAA battery. For a mere °249, it turns your 

personal digital assistant into a wireless wonder! To learn more about EMBARC wireless service for PDAs. 
and to ask about EMBARC compatibility with other 


platforms. call 800-EMBARCA, Ext. 330. | A 
Circle 207 on Inquiry Card (RESELLERS: 208). by Motorola 


BS00_-557-1000 


Am we cea ыш PACKARD BELL ERE 


> 
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50. Quantity 
Premium Grode ыы ані 


dish «nr moy vory 


n a" 50+ 
Û HB IBM-Formatted 5.26 
Non-Formatted 5.26 


MAC-Formatted 5.52 


Bad preva : | қағы | FAX/MODEM 1280 X 1004 EXT. VGA VIDED CARO Tono X ide ENT. MOA 

| то $13.99 | HIRES MOUSE JF SOCKET ENHANCED 101-ХЕҮ КЕҮВОДАО VESA LOCAL SUS VIDED CONTROLLER 
۹ 1 £11.90 5 BUS SLOTS 5 DRIVE CAVITIES АП RS ENHANCED 1 ЮЧ E KEYBOARD 

Cort. $14.98 T” HD o 5^5** HD FLOPPY DRIVES RUM URIE SAIELLITE SPEAKERS • АХО CARO 


= 1280 X 1024 EXT. VGA VIDED CARD 
MB VEO MEMORY 


T- — іш Cleaning 
pr 492.00 
BES vac | 


ыддтасі Ки» жазғым зек plese ел $1499 1177 57, 999 Fang $1, 399 о $1, 199 
20 ri ат аин:  4860X2 66M 4865Х 33MHz авв5х 2: 25МНг 
062): $149 159 Data Grade BOME HARD UK гаѕмв HARD DI 210MB HARD DISK — 130MB HAR 
DC шә ғ la. fuc) LORG ? аағш “тт ys ARD OSK "m 
9.69 12.59 5/2 REWRITEABLE E 5121/6508 $89.00 B RAM 
GONE {1659 = Uu AU MC NEC Roe мы шалы OO 
осол nae T MORD aM ii 4 BUS SLOTS 4 DAM CAVITES 4 DUS SLOTS 4 DAME САМТЕЗ 4 BUS SLOTS 4 DROVE САМТЕ 
DCó 16.49 52499 H т е ЕЕ 7 | PRE-LOADED SOFTWARE FREE WITH ALL ABOVE SYSTEMS! 
5/2 CDR 63 MIN ИСОБПАМЕСО $19.50 ALES Microsoft Windows 3.1, Productrty Pack, MS DOS 6.0 wth MS cg к. 
Cleoning nd QBasic, Microsoft Works for Windows, P Packard Beil Nawgator, Paid 
2000 Series $18.09 Bast pf MS МУЛ Entertainment Pack with mes (for Packard Bell), Prodigy ^ 
5000 Series $18.99 S 44 MEG $ 6500 Start-Up Kit. FREE ON ALL MULTE MEDIA SYSTEMS: Toolwores Pack including 
° 48 МЕС $ 96.00 =<" The Animals, Chessmaster 3000, Mavis Beacon Teaches Typing, 


World Atlas, U.S. Atlas. and Toatworks (Grolier's) Encyclopedia. 
тт эпти On ALL 


— г a ActionNote n 
tatesman AURS1C/32 
8.3" DUAL SCAN COLORA - сома HARD DISX 


8un0/2400 FAX MODEM 
40651C/3)] 4 ME RAM 5.3 шз, 
тоом наға) пе 


ITEBOOKS 


N 


0 HEWLETT 


PACKARD 9600/2400 POCKET MODEM 
= = 2.9" 1.6480 FLOPPY 
г. (Ae j J MOUSE 
822904 АЛТ E, EO, E, ЫП, 607203 $77.80 AT eget қ 8.3 ine 
ыты LAMENT OP, ІР. ІР... 949) 736081 OLSIOET / DESKWRITER і | $2,299.00 
MIMA UMAXTN.MM. 805908 SESA ОЕВСМЕПТП FAX 800/200, DEDIIET. 52299 I ССС $1,999.00 
1422234 (ЫҒАЛТ, USERLAT-, 500, ЛИЗ! 674898 916044 ТМВИЛТ / ОПЫТ... - 
В21014 LASERJET ME. I'VE, МВ MK... 16808 316254 DENAT воос / плакатта S00 82530 4 өлең 
MONITORS | OPTIGUEST. 
Ad Fa ба Қаға. Xia In ^oi! 
EPSON MEET [ARTE = 9005 Ж БОН? $268.00 
ТИШЕ (Aeneas 8020028 STYLUS 800....................... ud ж I TO Шы 2 
5051011 ACTION Lastn —E (RENE 8118.00 I $379.00 К 
5051098 £i 9000. — 5348.00 ea LOS70/870» ....................... 20000X 15° FLAT SCREEN 72H}; Ty ; TT —— $839 on 
5050002 ACTION LASER Н. но: ДАА ..978.00 8015032 ACTION PRINTER................. Ure уа Ни $558 OD 
4DOOOC 17° FLAT SCREEN, EOGE Б tty жесш 
TO EDGE. 76H: $799.00 SE 800 асат 252405 
С 2 SOFTW [ JE STYLUS OD Fac. $249 00 
НО M < a WA L LG 570 OUT MATRE зап OPI 24 PIN Бег 
T астан PANTER 325 24. AN ( 
WORLD ATLAS. ..513.75 VOYAGE/STARS 1.............$35.00 GREAT СІНЕЅ................... 520.00 Fi 4 RAM M ТЕ д ТОЯ? 
CIA WORLD FACT BOOK .. ..$16.25 | VOYAGE/STARS И.............535.00 GUINNESS... Ne iL 4. 
CLASSIC COLLECTION ¢....$47.50 VOYAGE/STARS Ill ............535.00 HAWAII... өч.9192,75 
FAMILY DOCTOR......... ... $22.50 VOYAGE/STARS IV........... $35.00 INTERACTIVE STORY Il ......$15. т TMB rod $ 47.00 72 PinSimm1X36X70 - 4MB...$187.00 
VOYAGE /PLANETS 1... .. $35.00 ENCYCLOPEDIA ...............537.50 |ООМ.....................................$17. ТЫН a $ 61.00 2X36X70 - 8MB................ 
VOYAGE/PLANETS H ... ...$35.00 FOOD АМА,Ұ5Т.............. 52250 MAGAZINE RACK... ...$18.75 Я "i | 74 4 А 
VOYAGE/PLANETS (11 . $35.00 GAME РАСЖ........ _... $11.75 MAMMALS 4 Llc eee 51 00 серен I MB ا‎ Ep c 


VOYAGE/PLANETS IV . 


- à - SHIPPING INFORMATION 
SATISFACTION GUARANTEED! | | " өч SPECIALS THIS MONTH INCLUDE: 
YOUN S4T2)RZACTION AM DU итерит " 
GONGEN, іт, HTIN  22-паүд, ҒОЙ 
АМТ ARADON YOU ес ЧОТ SATIRE Tu F Я 
iri ҮП fHOOUCTS, ШЕ ° WILL өй - 
WITE. JOUN. PROUT, ЖУЙ WIE ЕЗ еса кекет احا‎ сз Я 
MONEY. МОР Жі RETUNGS МИЛЕТ . - >F : 
aS ADCOMPANMO йт алуы Mata = | NEXT Y АНТ! 2ND-DAY AIRI 
mE MATA. MOT Ассомға CORPORATE DEPARTMENT INTERNATIONAL DEPARTMENT ry $9 99 
аз oY 2014 oe? жб ярак 800-557-2000 213-487-1037 - oak - g 
. OGOUCHHMENT å 213-457-7033 ` 7-20 E» 1-70 Фа. 
сор" EDUCATION DEPARTMENT CUSTOMER SERVICE A TECH SUPPORT 56.99 юы. 
EOS wale ed malê OD ON А Ann BOO. 557 400 DOO- 537-8000 - 
CASA мезгт tha EPP. MNIE ST.. SLATE FU MLE FIAMMA, СА OOS? ү ши меана 
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TFT Active Matrix Golor 
640 x 480 256 colors 


STN Passive Matrix Color 
640 x 480 256 colors 


Monochrome Backlit VGA 
640 x 480 32-grey scale 


Intel 486 SX/DX/DX2 CPU 


80М-340М Hard Disk 


Built-in 15mm Trackball 


4MB, 8MB, 20MB Memory 


1.44MB Disk Drive 


2X PCMCIA 2.0 slots! 
2-hour Ni-Cad Battery 


MICRO-INTERNATIONAL, INC. 10850 Seaboard Loop, Houston, Texas 77099 
National Sales:(800) 967-5667*Local Sales:(713) 495-9096*FA X:(713) 495-7791 


$2740 for a monochrome 4862/66M system with MS-DOS 6.0, Windows 3.1, 8MB RAM, and 250MB hard disk. 
Prices for other configurations are available upon request. 


Office hours Monday-Friday 8:00—6:00 * Saturday 10:00-—1:00 * Sunday—Closed 


Circle 204 on Inquiry Card (RESELLERS: 205). 


Need the fastest Windows performer? 
Нігіһ Регїогтапсе Micrd-lntemational HCP Model 65681M 


"If you need a notebook with processing power for massive spreadsheets and databases, to perform 
gray-scale imaging, or for other demanding tasks, the HCP 65681M is for you. It ran our Windows per- 
formance test twice as fast as the Compaq LTE lite 4/25E,. . . In fact, this was the fastest monochrome 
notebook in our entire test sample. The HCP 65681M's monochrome screen quality is the best we saw 
from passive-matrix monochrome displays. . . and an excellent keyboard." 


October 1993 BYTE/NSTL LAB REPORT 


A 11.110 ИМБ 1.1.1.42 БЕНӘ ИН 


RECORTEC's Rack Mount PC 
compatible computers, monitors, 
keyboards and printer continue 
the tradition of manufacturing 
excellence RECORTEC started in 
1969. With our broad product 
line, fast delivery, excellent pre 
and post sale service, it's no 
wonder more and more people 
"leave it to us to rack things ир". 


SOLUTIONS 

Choose from many models which 
offer a wide range of solutions for a 
variety of rack mount needs. We 
also offer custom designs when a 
standard product just won't do. 


QUALITY 
All products 100% tested and 
verified prior to shipment. 


RELIABILITY 
Field proven components backed 
by a comprehensive warranty. 


SERVICE 

Large stock for fast delivery plus 
assistance by knowledgeable sales 
and support personnel. 


CALL OR FAX FOR MORE 
INFORMATION. 


1-800-729-7654 


RECORTEC, INC. 


1290 Lawrence Station Road Sunnyvale, CA 94089 


Tel: (408) 734-1290 Fax: (408) 734-2140 


Circle 201 on Inquiry Card. 


Everyone 


makes claims. 


When the industry wants 
product testing taken to the nth 
degree, they take it to NSTL. 


In every field, one name sets the 
standard. In microcomputer testing, 
the name is NSTL, the leading 
independent testing lab. 

The NSTL compatibility certification 
seal on a product says that it withstood 
the toughest lab in the industry — and 
it's ready for your business. 

The seal saves you a lot of comparison 
and guesswork. It says you'l find the 
product compatible with a wide range 
of business applications and hardware. 

It helps you make the right choice. 


Real-world testing for real- 
world use. 

Beyond compatibility testing, we 
access nearly every conceivable 


problem — from engineering-level 
hardware bugs to the everyday usability 
of business software. 

And we test with the end-user in 
mind, in a real-world environment, just 
the way your staff uses equipment. 
Except our trials are more punishing. 


Our publications, and others 
that publish our work. 

In a separate facility we also do 
comparison testing for our own 
Ratings Reports: Software Digest®, PC 
Digest® and LAN Reporter®. They're 
read by people who purchase an 
average of more than $500,000 in 
microcomputer hardware and 
software annually. 

And because of the respect we've 
earned, some of the industry's leading 
publications, like Data Communications, 


nd 1 لااد‎ dbali ішіміз 
SCORE ы "Wu 


We make sure. 


LAN Times, Unix World and Datapro 
Research Group publish our test results. 


Look for the NSTL seal and 
be sure. 

Experts rely on the NSTL name: 
now you can, too. The final test of a 
product is its compatibility in a 
business environment. The NSTL mark 
tells you it's already met that test. Look 
for it when you compare products. 


Plymouth Corporate Center 

Box 1000, Plymouth Meeting, РА 19462 
215-941-9600 

Micro Channel" and OS/2™ are trademarks of the ІВМ Corporation. 


Designed, built, tested and warranted in the USA 


Total compatibility: SVC systems accept all 8 and 16-bit ISA cards. VESA 
systems accept both ISA and VESA Local Bus cards. 8/7 ISA slots. All systems 
are software compatible with MS-DOS, Windows 3.1, Windows for Workgroups, 
Windows NT, Unix, Novell, Interactive, Theos, Mach and Next operating systems. 


um | | ALL SYSTEMS INCLUDE: 
fum | == E 4 MB 70ns zero wait state DRAM 
| | | 9144 МВ Teac FDD 
E 210 Megabyte 14 ms IDE Hard Drive 
E 20 MBPS HD Interface 


= (2) Serial, (1) Parallel, (1) Game Port 

E Real time clock & battery backup/Audio speaker 

B 15,000V static discharge drains, venting fan 

B 104-key enhanced (Alps click) keyboard 

E Complete technical manuals 

E MS-DOS, Windows 3.1, Works & Anti-Virus 

B 72-hour dynamic burn-in. 

‚ MTBF: 300,000 Hours. Three-year limited warranty 


Pylon | Desktop Pylon |! 


einen А a 66 MHz Pentium "ХС VESA LB System 
Since 1982, SVC has shipped over 1,000,000 units. Worldwide. SVC is a world leader ^w pentium" Processor 
in design and integration of high-speed motherboards and IDE drive controllers. All — m On-board DRAM to 128 MBytes 


——— € 


controllers carry a 5-year warranty. SVC offers a wide variety of controllers for all " 
IBM-compatible ISA and VESA systems: 8088, 286, 386, 486 and Pentium. 5 times 90 MHZ VESA Local Вив/256К cache $2195 
faster than other interfaces. Control for hard disks to 8 wpne 66 MHz 486DX2 VESA LB System 

| = 14860Х2 Processor — EISA/VESA systems 
E 64K cache (expandable to 256K) ы 
100% Fail-safe for --- & Data 100% Software чем = EISA/VESA/ISA Motherboard add: 919591099 
100% Data integrity at all times 100% of the speed of the drive 


! жа, ; ‘ : р 
Э | А [ү roring па е 


100% Automatic data backup 100% Automatic backup 33 or 40 MHz 486DXC VESA LB Systems 
100% Compatible with all 056 100% FCC Compliant 486DXC Processor 995° 
100% Compatible with all Apps. 100% Seltinstalling BIOS = 64K Cache (expandable to 256K) $ 
100% fast sof ions 33MHz 486SXC VESA LB System 
"NEVER requires a user UBI prog B 486SXC Processor А 
or expensive software upgrades = 64K Cache (expandable to 256K) $775 
ISA 16-bit Mirroring IDE Drive Controllers:  32-Bit VESA Local Bus Super VO, Floppy — Пгіүре * Add 
ADP104 - Controls 2 me 2 hard drives to SGB 899 ™ EC ы al E VESA Mirror Board and 2nd 210 MB MD $989 


ADP108 - Controls 2 sets of 2 hard drives to 8GB 


Jj E Conner 340 MB IDE 12 ms Access Hard Drive $ 85 
plus 4 mixed capacity floppy drives $139 


B Conner 540 MB ШЕ 10 ms Access Hard Drive $315 


VESA 32-bit Mirroring IDE Drive Controllers: = | Gigabyte IDE 10 ms Access Hard Drive $765 

ADP111VL Super 1/0 - Single-board control for 2 Ш 250 MB Tape Drive and backup software $149 

sets of 2 mirrored hard drives to 8GB, plus 2 IDE devices B Dual-speed CD-ROM, controller & software $239 

е ets =i : “асы a 2 mixed floppy prs Monitors & Accellerators Add 
rovides 2 serial, 1 parallel and 1 game po ыы” Қадам п “a 

VESA 32-bit Super Vo Controller hard drives to to 8 Gigabyte each hard diax, tape or CD-ROM 14 SVGA Interlaced (Hitachi tube) $289 


ADP90VL - Controls 4 independent IDE hard drivesof — — 3524 Kb ordo мы Mbytes ies por = second In SVG vews 14" SVGA 28 Non-int. VESA-ready (Hitachi) $349 


any capacity to 8GB, plus 2 mixed floppy drives. How Hardware Mirroring works: 15" SVGA .28 Non-int. VESA-ready (Hitachi) $445 


a A — m ! mary drive 17" SVGA 26 Non-int. VESA-ready (NEC) $845 
Universal IDE Controllers rne t eund Mt " VESA 32-bit accellerator (Cirrus processor) 999 
ADPOOF 16-bit IDE Controller. Works with all 16-bit Should the primary drive fail, an VESA 32-bit accelerator (S3 processor) $169 
ISA systems. Controls 2 IDE drives to 1.6 Gigabytes. alarm is sounded and the system VESA 39-bit accellerator (Мейес processor) $389 
Controls 2 floppies of any capacity. On-board intelligent is automatically shifted to the 

BIOS is relocatable. 'mirrored" drive until the primary 


ADP50 &bit IDE Controller. Interfaces 2 16-bit IDE 9 can be repaired or replaced. 


: ; i ң Backup is automatic, continuous 
hard drives to 8-bit bus. Works with all XT compatibles 444 totally transparent to the Oper- 


including IBM, Compaq, Tandy and АТТ. ating System and applications 
85 МВ IDE Drive, cable & either controller $179 software. Е 
210 МВ IDE Drive, cable & either controller $259 


Volume pricing is available on motherboards, 1/0 and Systems 
Circle 274 on Inquiry Сага 
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Our PC/AT boards provide programmable 
display resolutions up to 1600 x 1280, and 
provide 72Hz or higher refresh rate for 1280 
x 1024 and lower resolutions. 40 MHz 
TMS34020 Graphics Processor, VGA pass- 
through and RGB cable set are included. 
Software drivers are provided for TIGA, MS- 
Windows, and AutoCAD®. Drivers for the X 
Window System for Interactive and SCO 
UNIX are optional. 


24-BIT TRUE-COLOR at 1600 x 1200 


6 MByte VRAM + 1 MByte ОНАМ 


256 Colors at 1600 X 1280, 60 Hz 
2 MBytes VRAM + 1 MByte ОНАМ 


256 Colors at 1280 x 1024, 72 Hz 


2 MBytes УНАМ + 1 MByte ОНАМ 


\ 


256 Colors at 1024 x 768, 72 Hz 


1 MByte УНАМ + 1 MByte DRAM 


Optional SVGA 


ШИИНИН gamme, 
Optional JPEG Compression 


& VGA to TV Output 


We Have The Solution! 


24-bit TRUE-COLOR NTSC/PAL! 
SECAM video window frame grabber. 
Optional 12-bit per channel digital stereo 
audio, hardware JPEG compression, on- 
board 1024 x 768 SVGA, composite and 
S-Video NTSC/PAL output with flicker filters. 


(composite video) 
(composite & S-Video) 
NTSC/PAL frame grabber displays live video 
window on VGA screen. 


| (NTSC or PAL) 2 
Internal or External VGA to Video converter 
outputs VGA to composite and S-Video with 
flicker filters. No TSR required for 640 x 480 
modes. 


Call or fax for the latest information on our 
growing range of computer graphics hard- 
ware, We also specialize in services such as 
custom hardware and software design. 


Omnicomp has been providing graphics hardware solutions for Systems Integrators, OEMs, 
and Resellers in domestic and international markets for over 10 years. 

Our products cover a wide range of popular computer platforms and operating systems including PC/AT, 
VME, Micro Channel® DOS, Windows, UNIX and others. 


Omnicomp, THE TEXAN, THE ALAMO, M&M PRO, M&M Basic, VIVA, VIVA Basic and VIVA HC are trademarks of 
Omnicomp Graphics Corporation. All other trademarks or registered trademarks are property of their respective owners. 


Specifications subject to change without notice. 
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Windows drivers provide 1600 x 
1200, 24-bit TRUE COLOR on the 
ALAMO, 1600 x 1280, 256 color 
on THE TEXAN, and HI-COLOR 
on the ViVA НС, 


Video for Windows compatible 
MCI/AVI Multimedia Windows 


MICROSOFT drivers for the M&M PRO and 
WINDOWS 


M&M Basic. 


DL-Xpress (included) and Soft 
Engine (optional) from Vibrant 


Graphics allow 24-bit TRUE- 

YN COLOR display on THE 

w ALAMO and 256 color display on 

THE TEXAN for AutoCAD*, 3D 
Studio™, etc. 


AUTODESK 


Itors. . . IDEK 21" flat screen multiscan 


monitors 30-80 KHz . . . others available. 
MF 5421A 1600 x 1280, .26 Dot Pitch $2,525 


MF 5321A 1280 x 1024. .31 Dot Pitch $2,125 


Y i 
В 
Р i, 


)^Xr тт A! 
# f 


For more information, call or fax our Systems 
Engineering Department, M-F, 8:30-5:30 CST. 


We accept VISA, MASTERCARD 
and AMERICAN EXPRESS 


Direct from 
Manufacturer 
12-Month 
Warranty 
FO.B. Houston 


Graphics Corporation 


... The Texas Graphics Company 
1734 W. Sam Houston Pkwy, N. 
Houston, Texas 77043 


А 


ж 


ж 


ы ое. 5101 ты NETO 5640 
^ 2-Server 4255E, 433DE, 450DE . 

іш ы? 5157 808 MEID... $361 di. 

2-Siution 3255h;5a, A205 Eh; She Sn 4255h, 433Dok; Dh 450XEa “=ч: Reody 425, 433 
ІШ МЕТО... 99 іш МЕЛО... SIGI 

Lenlih 2-386 /20; 25; 33, 33E 
ТМВ ТАЗНХМЕ .......О09%9 ам — 7A3800MK __. $161 

Zendih 2-3855X/20, 2861Р+, 1-15 
11 Ki INI. 

Тепић 486 /33ET; 25E 
AMB — ZAS700M2 518) іші 24420048... 5640 


А, 


A, 


2%. 


4. 


EIN "ro 


= u ES 


=- AMBRA Enterprise 388, Hordla 385, Sprinta 384 (cll models) 


P5/2 35SX; LS, 4055, 501, д L5, 5555; 15, 70, X5tction 
шш 2450503 5009 ш — 6450504 .......... 576 
P5/2 70-A21; A61; B21; B61, PS/1 Consultant, Essential, 
Expert models x13, x13, x14, PS /Valvepoln! Сах series 
1MB 645008 .. u— | 
Р5/2 355X; LS, 405X, 5557; LS, 655K: | 5, XStotion, қ/ 
Үсізерсіп! Cxx series, adapter board 3473011 or 1473077 
AME 34۴2933 or 3709977 _............. 9181 
€ 355X; L5, 405X, rsi ag (хх teries | 
^ — —— 
E. A 95 XP, P75 enia 55, 57 (af), PS/1 Pro M2123 
шш ی‎ N E 6 
PS/2 90 XP, 95 XP, E. c 56, 57 (611), 
Р% /1 Consultant, Essential, Expect models x11, x13, 114, 
P5/1 Pro М2123 


408 — 6450128 ........... 5181 SMB — 5450130... $354 
Exponsien boords for 50, 507, 555Х, 60, 555Х 
1.005 w/243 1497258... 519 
Exponsien boards for ofl models 70, 80 
4.1648 w/4MB 5317 
Dell 


Power Desktop 3250; Р, 3330, 333P, 433P, 486P, 484D 
IMB 310-2505 ..........939 408 310-2507 ...... S181 


"Powerline Workstation 420; 425; 433; 450; 450DE/2, 466DE 


ы 210-2466. 570 іш 3102608... 514 
n Powerline Workstatica 420; 425; 433; 450; 4505E/2, 4665E 

TOME Lt ЗО. SN 
Performance T, L, & M series 

495 3103325 ....518|.— ТЫР 3101377... 540 
Ри1опталсе ME series 

4MB 310-3394... 5152 BMB — 310.3335 ....... 5362 

Zenith 


> 2-300/400 Series 7-410/$Х, 2-425 /5Y, 1-433/DX, 2-433/5X 


+ 


ta 
o> 
Ф 


+ 


be 


A 


С. e 425, 413, 466 


E i^m 
Ргепитїй 
AME 


Hb MDa еле 0 9E 802 ы Эр 
' AMA Главе 465, Hurdla 486, Sprinto 486 (di models) 1548 50143.01... ті 

ШІ ал. =- S195 — AB ЖА... 631 Bravo 3/253 
5/1 286, 3845X DH. уюн $36 на 500824 002 ... 5319 

ma 970935 ш ш әни сш төн 38 3851/20. 25, Каш Pro 55/5 ітезді» 
Р$/1 Consaltont, Esseaticl, Expert models x43, 144, Advostogel Pro 4880 /33; SX/25, Brave LC 4/25s; 33; 33s; 
PS/Valvepoini ой models except Саз series 504; 4/56 

AME 96F9290 S199 TMB 96/9291... 5639 2MB $00987.001 ......55 4MB — 500987-002 .. $159 
PS/1 Consultent, Essentiol, Expert models x76 чи" 386/25; 33; dni" 700 03.00 11 3855X /16; 20; a^ 

648 Ka БРИТ... есен SEI Advantage! 486/25; 33; 33р; SX? 4733; 485/25; 
P5/2 25/184 30/286, memory odapter 1497259 Pe 4/15; З Giver SÈ Ki мей аш 

298 0 SER oa! ET 500718 004, 780 005 .. ET 


486/25; 33; 33р; 5Х20, Power Premium 3/33, 

(Л mie 504; 66d, Prexium 386 /33TE, 485/25; E: 257; 
33; 33E 33TE, Premiue 11 385/25; 33, 486/35, 4865/20 
Aui Server SE 4/33 

AMB 500780004 ...5175 GME —500780-001 ... $349 

Compaq 

Prolinea 3/253; 3/25 

2148 141738 001 ...... 589 AME 141742-001... 5319 
Prolineo 4/75, 4/33, 4/50 

IME 141687-001 _.539 248 141683001 __ $76 

4MB 14168400] $18] Іш 141585001 S354 
DeskPro 166-20, 200, 25 

4MB — 11313200] .. S180 Mê 113545 001 _. 5244 
DeskPro 3865/16 

4ME — 112534.001 ... S180 448 113634001 ... 5255 


DeskPro 2/25; 331,4 /25/5; 331; 661, 285N; 386N; 3845/20; 
20H, SystemPro LT Series, Portable 486c, M Series 


IMB 11858200] ... 939 — 2M8 — 118689.001 _. 576 
4MB 118690001 Ый — 8MB — 112877401 ... 5354 
PraSignio PC Server 486/33; DX2/66 

16MB 14932000! . 5449 2748 149147401 _ $1280 
DeskPro 386-33, 485-33, SystemPro 

2M&  115144.001 ......599 8MB — 01656100] ... 5379 

Hewlett-Packard 

Vectra 05/165; 20PC 85/20; 20€; 25, 25€ 

HE Kit 01547 or 18424.................... $189 
Vectra 384/160, 188 /20Н, 385/25 PC 

2M8 024064 597 08 — 024044... 51IO 
Vectra AB5PC; 257; 337; 4865/20; 4/75 33Ң; SON: БЕН 
ТАВ D2381A __$& D21524 ...... 5394 


Vectra 365/25; 456/250; 186/330, 450/500; 485/660 
208 023814 .........576 ВМВ — D2152A $354 

Vectra 486/256; ; 486/331; - маны 486 /566Н 
16MB 676 


Vectra 384/239; 238] Е 
IMB 00052 BM 


МЕС 


S181 


Mere 


fe rd rast vr mre 


027154 10 


AMB 41012007 .......... 164810.12003 .... 5547 


4МВ ЖАА................. S195 1648 М/А ............... 9849 
PowerMote 286/12; 5/16, 5Х/20 
248 Kit 0Р.419-8103 s 596 
PowerMate 5Х/20 
2MB CPU QPA410 8101... 9139 
Воі 0ў410- 107-80 tone si 


248 Exp. 
PowerMcto 386/336 Express Те, e serie 


448 02-410 6205 mar 18% PATO . 5640 


LAPTOP S NOTEBOOK MEMORY 


AST NEC 
Pawerkxec 4/2551 45... .5179 75 Ultralite Verso (oll models) AME nn. $229 
16MB ............., 5769 BB ............ Er 
Powerkxec 3/2551, 3/1514, EL AB... $189 айе & Сш Workstation 5/20 ZB... $147 
Premium Елек 286, 3865X/20, 25, 25C 4MB $149 в md = 
Compa trolite WL SL/25C 2B .......... „SI 
Costura 3/20, 3/25, 3/25¢ кн ша........... SS rr SE 
"t" Ulirallte 51/20, 5/20? m nA ie 
тант oe PraSpeed 285, 3865K/16 4M) ......... $219 
LTE 286 м5 ProSpeed 384 7MB КЕШЕНІ 
C NN Ж ІВМ 
1ТЕ 1855/20 аца us AMBRA Treko MMA. $117 
LTE Ute 20; 25; 254, 25e MB S179 Think Pod 300 8... „Si 
ВМВ... 5195 ФВ... $369 
TEMÊ ,......... $899 :P5/2 01575 ond ThinkPad 700, АИВ... 9209 
LTE Lite 4/25¢ ТИШИ 8, 7% 710, 720¢ Iia .......... $385 
BG... 535] ThiskPod 710T UB... S18 
SLT 286 48. 5259 Mj... 5219 
SLT 3865/20 At 9 N51 Notebook (Ali ET === 0 
Toshiba ШЕ... 
T! 000SE/LE/XE; 2000, 20005X; Хь Вей 5% 1405X, WN335X, PS / Hote 152 ШІ... ~ $185 
172005, T1800 Series [ —- сп —— -ы " -— | 
848... $327 P5/Hote №4591 та ГТ. жн % 
TI200XE, 1600, 3100€ PMB ........... S89 Texas Instruments 
T31005X, 32005X, SXC WB w— 257% TravelMate 3000 (oll models] МВ... $79 
F ww" _ 49 TrovelMate 4000 [ай models} 4085189 
13200 С SN TravelMate #Па$1С/25 DB $m 
1330051 м si 4 Zenith 
qe. S19“ Ute 20 24}............513# 
BMB n $389 Z-Hote 3201, 320b, 3251, 3251 i — .. 9108 
МВ... $935 BMB — 51M 
T4400, T6400 (oll models) ib. $209 1-Sport 420$, 4255 AMB ................ S188 
848... 5359 2-5port 3255 VEMB ......... $106 
1646 ............. $699 Т $194 
T1900, T4500, T4600 (ай models] 303 (33 тё. 9459 MastersPort 38551, SLC Sle 282-259 
1588 азы) 51319 MastersPort 38452 OMA on 
15100 p $89 SupessPort SX; 2866; SlisPort PMB ہہ‎ 5133 
T5400, 15200; 15200С, T8500 гг ............ 5% SopersPort 286; 2840 I RR SH 
ВШ $329 SapersPort 28456; SlimsPorl 48... 5279 
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* 100% COMPATIBLE IN FORM, HT, AND FUNCTION 
* ALL PRODUCTS USER INSTALLABLE 

* INSTALLATION INSTRUCTIONS INCLUDED 
* TOLL-FREE TECHNICAL SUPPORT 


"Mainstream Choices!" 
МкгоЅсап 7| 


e MikroScon ЗЕ», 147, 0.28 тт, 1024768 NI @ 72H1 


Micropsocessor-based digital controls, 30K-EOXHz /............. 5259 * MANUFACTURER'S WARRANTIES 
* MicraScom 46, IFT, 023mm, 1280x1024 Ni < 80H; 
Mácroprecesior-bosed улт} controls, 30K SIR... 9445 * CORPORATE PO'S, APO/FPO'S WELCOME 


* Micrascen 5A, [7 ST, 0. 26mm, 12801024 KE @ 60Hz 


Microprocessor- boxed бейсі сесті, К-И __ * GOVERNMENT AND EDUCATIONAL PRICING 


* INTERNATIONAL ORDERS WELCOME 

* SPECIAL VOLUME PRICING 

* SAME DAY SHIPPING 

* OVERNIGHT DELIVERY AVAILABLE 

* VISA, MASTERCARD, AMERICAN EXPRESS, 


1x9...$43 


(МВ x 9-70m (9 - еме SAJ STZK x 10-70 (2MEB] ........ 576 


AMB x 9.70 /............. 5155 HMB x 35-70 (498) ....... 5181 
188 x 9 0os ............. 59% 2MB x 35-70 (8MB} _...... 5354 AND DISCOVER ACCEPTED 
* NO SURCHARGE ON CREDIT CARDS 
DONT SETTLE FOR LESS! 


WE STOCK 


MEMORY UPGRADES 
OVER 198 


For Laptop and Notebook Systems. 
PCMCIA 2.0 Date /Fax with KAK 


M Ар; FAX/ Madem .................... 1,5219 
| nt تا‎ pa Pre a 5 $209 TOLL FREE FROM USA & CANADA 
temo ox W +5, У,42//.42% 
К ҮШ fee 800-261-9866. 
d. ERR НЕ = 
ло FAI Modem .. INTERNATIONAL ORDERS 
Pocket Modems for спу serial port 714-448-7750 
14,4006 FAX/Modem а. 5319 
—— = "714-448-7760 
ғ CPU UPGRADES 
туч - Business hours: 
Шә CPU урра К 
бын.” 9169 лыны УМ Monday - Friday, 8am-5pm, Р.5.Т. 
SLC/ How Ма CFU py на Saturday, 9am-3pm, Orders Only 
ISMH 5)... 5219 SOMM2 SLC} 5289 
486 /Howl 434 CPU Upp ode 3 
25MHz (53) ............... _ $399 33MHz (0X) su $579 кена 
МС озін 16 CPU Інген 
258: [)................. 5699 With 43 а ............. 6181 


33MHz (DX)... 5959 Willy BM odd... SIA 


LASER MEMORY 


o ШР-4, 4LHe, 4Plos 


" 1230....900b 248 М/А $145 
Conon 1ВР-ЇЇЇ & Silt Pr 
PMB 363-7350... S145 IMB 5632380... 5199 лдар 
Epson EPL 600 
[imei M ice Mail or fax orders to: 
MB WALL. 5113 First Source International, Inc. 
dh. HP Lure И 4, 4M, 5i ASAI, xlû0, phi à 600 7 Journey 
HP loser [x lil, We, in Aliso Viejo, CA 92656 
Е i ESL ig 257 іш 398078... $300 
setJet WS ^ 
ПЕШАК 3E... 595. ШОКЕ 
ІВМ Loser 4029 ail models bor el rre. A non deletes return, покра, liad, er conceded orders, vil 
IMB 1182334.........5% 4MB — 1183335... $157 be subject ha o мінім. Dos Ie L LC кез уйк] on uma тообага, 
Okileser 400 елеу) |404 тє be Pepe thes Prox and чайды тү мінсіз 
IMA 70014701.........567 2MB — N/A... S106 бояр ай тёз. Pech pir t бе i aida ку іші rra 
zie "TUM ein terete сола ы pea а 
DU... А “ e 
Panasonk 44501 £ 4420 TT атт реч 
ұла ARMIS ai шв WALL. SIN ps е Әлі Ds bur 
exes : 
[MB 055573000]. S46 AMB — 25800520002 .... $99 bt quon ғанға 
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сас Warehouse 


VALUE ADDED D/RECT MARKETING 


Scanners 


February Savings! | 
"nam Board 111 12012 $252” 


Ask about cordless option) 


umma Sketch 111 $252? 


Idea! | Calcomp 
300 DPI. 500 Dpi 800 DPI. 1000 DPI & с 
GTX Raster CAD . " 
Laser & PaintJet Printers | 
CalComp 600 DPi 16MB . 
HP Paint Jet Хі 300 ............... _........ 2370 00 
Data Products LZR 1555 2 tray.. ... 2895 00 


= Of Tha Nations Largest T —— et Digitizers & Plotters БАР E E 1560 2 tray .... ч жа 12x 12 Digitizer W/ Cursor 
j Calcomp 813 XF . сем, СӘН а отр 1 Хх18.... 565 
ИА: / )4 ОРЕ Houston instruments CalComp 24x36... $1325 | 
m Ja Q e = „ Р JetPro /100............................187500 | CalComp 36х48..... $1495 | 
; loline Summa ІІІ 12x18 ..... 5499 | 
Cutie Ser ere NAT Tern Supper SVT {EI -VISE Awara Road Танд (лыс ext ин ж Roland Digiai scii E ec 
H | H Pag т 4 H ] | C: / BNC 10028" 7 7350009 Саі Esti-Mat ... 1175.00 
» a Û ti-Mat ... 11 
птемгетт-гаскаг ouston Instruments гісотр ө тшш 1789500 АТТ 
Lo oro ————À'Á À (Except Kurta é Hitachi) 
Call For mc Include Free Autocad Templates 
i^à ү 


НЕ‏ س 


| 
rm 
ig 


ы к | А. &svtibusassónuudetzsusuditüálithénosuen ` 2530.00 Monitors | 
Pricin Pacilic Data Protracer Il Hitachi elite 17" ‚ 1235.00 
| 512К............................................... 1230.00 Hitachi 2088 20° 1625 00 
2МВ/НРСІ ....................... . 1725.00 Hitachi 2095 20" 1335 00 
JDL Hitachi 2187 217 2050 00 
һ ЕТ | Express Pictter Il A-E 52MB HD .....8250.00 Hilachi 218841 217 28DP 229000 
е im | | қ | Graphics Cards Hitachi Accuview PS21AM 2590 00) 
А ' = z | Artist XJ1000 50MHz ..105000 Mitsubishi Diamond Pro 17 1059 00 
- . | ATI Ultra Pro 2MB , 36500 Mitsubishi 6955 20° . 1795 00 
1 | HiPlot 7100 Plotter ATI Ultra Plus 2MB ...... ... ...... 335.00 Mitsubishi 7955 20" 2039 00 
| ^ Bravado 8 . . 72000 Mitsubishi 7165 21" Flat Scr 2130 00 
: | геа icm" — Diamond Stealth ‚175.00 Nanao FMOW, 705 00 
- | “ШЫ зз . lamond Viper 42500 Мапао (OT 1 | 
TT | DMP 160 Series/HI-Plot | 2036A-E ............. 2595.00 Metheus Premier VL2 `... 34000 Nanao Е550М/ 17" 1179 00 
DMP 162R - 512K ..... Lowest | Design Mate * Metheus Premier VLÀ 55500 Nanao T560: 17° 1635 00 
Fi HI-Piot 7100 - 1MB ..... Lowest |  Pnced A Metheus Permier S3 32500 Nanao 7660! 20 2385 00 
HI-Plot 7200 - 1MB ..... Lowest | Scand & Gable Extra! Matrox * Cal Nanao F760W 2275 00 
- ж DM DMP 60 Series | Classic Nth Edge . 87500 NEC 5FGP 17° 1550 00 
Ptól DNP 61 - 8 Pen ........ 199500 Î Special Olfer.......... 4195.00 or +4 i ehm ҚЗ ae = 6FGP ү ah р 
4 ! rueVision апаѕопіс 4 
Just $2100 — DMP 62-8 Pen ......... 2750.00 | 4MB I 2-4 " ! : M ү at 00 Viewsonc i 19 ; 3 
4 | rawing er "M #9 Level 23 А 965 00 Viewsonc 21 1975 00 
512K | R oland | = =e #9 Level 29 Trucolor {дек i Мад 
۵ EE 325000 Î Autodesk Genericad SONY т» | 
| Pen 29085 Al. daca an Î SUN Y ОШ 
۴ =) ЕЕ pes d 5495 00 | | Oar $259, 00 | Authorized Deater New GDM 2038. 1280 72Hz ..... 2150.00 
"RC TI SA. mb. m omui nf -m | it = 
i sius 3 Та Cave Aa ый inca = % Flares ZA “ч When Checking Dur Competitions Ads For Prices Please Check The 
Me s- Mu inan die EE ааа i = А1 Fine Print For Handling Charges Апа Creriit Card Surcharges 


4 | Г | Л 
Os = pam [ | ILL f° 
П = parallel EE. 
LCX-1000 (1Mb) $495 
B ports; 4 serial /О; 57,600 bps 
2 parallel in, 2 parallel out 
LC-256 (256Kb) $399 
LC-512 (512Kb) 5449 
8 ports; 4 serial VO; 19,200 bps 
2 paralial in, 2 parallel out 
LXFR-ETC $49 
РС-о-РС File Transfer for DOS, 
Windows & 05/2, 4 user license 
PB-42PP-256Kb $249 PC SIMMs 
n A 
5449 
6 parallel ports; 4 іп / 2 out E ISA SIM Ms 
Upgradable tc 4Mb; 25,000 cps 
LC Jr.-256 (256Kh) $199 
LC Jr.-512 (512Kh) $249 HP4 & HPllisi 
5 ports; 4 serial in, 1 parallel out 
Up to 115,200 bps PCMCIA 
LC-41PAS $69 


5 parallel ports; 4 in / 1 out 
Smart-switch; 25.000 cps 


SPPS (NO холхо $49 
9600 bps to 115,200 bps, 
Serial / Parallel Converter 


PB-11PP-1Mb $199 


MAC SIMMs 
2 parallel ports; 1 ín / 1 out 


Upgradable to 16Mb; 25,000 cps POWERBOOK 
LOGICAL CONNECTION» 4660 Portland Road NE #108 Salem, OR 97305-1658 Tech.: (503) 390-9375 РАХ: (503) 390-9372 


TOSHIBA 
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Recognized as the two best 
PC-diagnostic tools on the market. 


NOW AVAILABLE IN ONE GREAT PACKAGE... 


UNIVERSAL е ЛА ААА р! EVER UNIVERSAL POST CARD FOR ALL PC 
Fully operating system independent The only Power-On Self-Test card 
diagnostic software. you need to debug any “dead” PC! 


UPGRADE Recently named as PC Upgrade SERVICE NEWS Named as Product of the Month 

ТОТА] Magazine's Utility of the Month. PRODUCT OF THE MONTA inthe July issue of Service News. 
FULLY OPERATING SYSTEM INDEPENDENT, «IT his is the only card that will function in every system on the 
BIOS INDEPENDENT, AND CMOS INDEPENDENT. market. The documentation is extensive, and not only covers 


the expected POST Codes for different BIOS versions, but also 

includes a detailed reference to the bus signals monitored by 

the card.” — Scott Mueller from his globally recognized book, 
‘Upgrading & Repairing PCs, Second Edition’ 


MICRO-SCOPE Universal Computer Diagnostics was developed to 
satisfy the expanding need for accurate system diagnosis in the rapidly 
growing desktop computer market. 


€ CACHE MEMORY - "Micro-Scope" Ver. 5.0 
now fully tests cache memory and the cache 
controller subsystem. 

€ LOW LEVEL FORMAT - Ability to do 
factory style initialization of all IDE drives, 
together with the ability to do factory style low 
level formatting on all drives, including MFM, 
RLL, ESDI, SCSI, and all IDE drives. 

€ O/S, BIOS and CMOS INDEPENDENT ~ 
Does not rely on O/S for diagnostics. Talks to 
PC on a hardware level regardless of the O/S, 
BIOS or CMOS setting, 

€ TRUE HARDWARE DIAGNOSTICS - 
Accurate testing of CPU, IRQs, DMA, memory, 
hard drive, floppy drive, video cards, etc. 

© DISPLAY DRIVE TYPE — Reads and dis- 
plays the actual drive parameters for any drive 
type automatically. 

€ CPU DETERMINATION - This capability is 
necessary for accurate system diagnosis on 
386SX, 386DX, 486DX and 387 and 487 chip 
implementations, Because each of these specific 
chips has its own unique instruction set, and 
therefore cannot be accurately diagnosed with 
any program which cannot recognize these differences! 

€ MEMORY TEST - "Micro-Scope" 5.0 has по limitations as to the size of 
memory it can accurately test. Micro-Scope now also tests up to 2 meg of video 
memory! 

€ MEMORY EXAMINE - Displays any physical bit of memory. Very useful for 
determining memory conflicts. Very useful for determining available 


metior lenit This is the perfect package for all repair 


@ BATCH CONTROL - All tests, even destructive, may be selected for testing. technicians and self-maintainers. 
6 ERROR LOGGING - Automatically inputs errors during testing to an error log. 


6 AUTOMAPPING — Automatically bad sector maps errors found on hard disks. Call MICRO 2000, Inc. for volume 


Ө Includes pads for voltmeter to attach 
for actual voltage testing under load, 

6 4 LEDs monitor +5уйс -5vdc 
*12vdc -12vdc. 

6 Monitors Hi & Lo clock and OSC 

cycles to distinguish between clock chip 

or crystal failure. 

© Monitors 1/О Write and ЏО Read 
to distinguish between write and 
read errors. 

6 Monitors memory write/read to 
distinguish between address line 
failures and memory chip failures. 

6 Monitors ALE for proper CPU/DMA 

operation. 

@ Monitors Reset to determine if reset is 

occurring during POST, indicating short. 

Ө Monitors progress of POST without 

POST codes. 

Ө Reads POST codes from any ІВМ 
or compatible that emits POST codes, 
ISA/EISA/MCA., 

© Compatible with Micro Channel 

computers. 

Ө Dip switch allows easy selection of I/O ports to read. 

© Includes tri-state LOGIC PROBE to determine actual chip failures. 

© Manual includes chip layouts and detailed POST procedures for all 
major BIOS’s. 


© IRQ DISPLAY - Show bits enabled in [IRQ chip for finding cards that are e ЭРИ 

нер ser к C discounts and after sales service! 

@ IRQ CHECK - Talks directly to hardware and shows I/O address and IRQ of 800 864 8008 

devices that respond. F -O = eS SS جک‎ 
© SECTOR EDITOR - Allows the editing of any sector of floppy or hard disk 1100 Е. Broadway, Suite 301 A 
media (even track 0). Glendale, California 91205 = 


€ AND MUCH MORE...We don't have enough space here for everything this 818-547-0125 • Fax 818-547-0397 
software can do! 


• AUSTRALIA ~ MICRO 2000 Australia, P.O. Box 1777, Wollongong, NSW 2500. Tel: (042) 564446. Circle 203 on Inquiry Card. 
» UK — MICRO 2000 Europe, P.O. Box 2000, Latchworth, Herts, 5661 TG., England. Tel: +44 462 483483, Fax: +44 462 481484. 
e CANADA — Business Data Systems, 169 Burnside Drive, London, Ontario, Canada NSW 5V5. Tel: (416) 777-2479 Fax: (519) 249-5420. 


Circle 212 on inquiry Card. 


It's FREE! Absolutely, positively, totally FREE! 
No strings! No commitment! No shipping! No 
handling! No nothing! FREE! FREE! FREE! FREE! 


It's your FREE introductory issue of 


tatec's g m E 
Майн lusCD The Multimedia Magazine” 
а, WIRE V ” on CD ROM 


This is not a misprint. It's ап honest-to-gosh offer for a FREE introductory issue of 
NautilusCD, The Multimedia Magazine on CD ROM. To order your absolutely, 


NautilusCD is the premier showcase of multimedia creativity. Our contributors positively, totally FREE ISSUE, 
are multimedia's superstars, wizards who can make your computer screen flash to call toll-fre e 
life with moving pictures...play music or sing for you...dazzle your eyes with 3-D 


graphics...and even talk to you! It's an experience not to be missed. ] -800-448-2 22 2 : 


Yeah, you'll get a subscription offer with your FREE issue of NautilusCD, Dut по авео Cb RON drive ind 


more will come —and neither will any bills—until vou tell us “OK, I've gotta have оті rime Offer. Ons 1C KOM per inquiry Прето onbe 1813 704165 
Ti RU : 411: . ы я ain « j - А z А 

i!” You've got hours of thrilling multimedia entertainment to gain and nothing NautilusCD The Multimedia Magazine 

to lose. So call the number and ask for your FREE issue now! 7001 Discovery Boulevard, Dublin, Ohio 43017 


How to make powerful new 
connections in 10 seconds. Or less. 


The new Adaptec’ SlimSCSI° host adapter instantly connects your PCMCIA-ready notebook or PDA to SCSI-based 
peripherals, including the latest CD-ROMs, tape drives, and scanners. It's the quickest way to tap into your database 
or add some pizazz to your presentations, no matter where you are. 
Getting started is just as quick. SlimSCSI comes bundled with SCSIworks!; the DOS/Windows software that 
makes it easy to load drivers for the peripherals you're using. 
Ask your dealer for Adaptec's latest IOware' product, the new SlimSCSI host adapter. Or, for PDAs and note- 
| books with rp port un МЕ for еч MiniSCSI. For more information about either product, call 
| 1-800-934-2766 (1-408-957-7150 for information by fax). : 
They're great ways to make new ые Gladaptec 
NOW MORE IMPORTANT THAN EVER. 


Copyright © 1994 Adaptec. Inc. All nights reserved. Adaptec. the — logo. SlimSCSI. and IOwate are trademarks of Adaptec. inc.. and SCSlworks! and MiniSCSI are trademarks of Trantor 
Systems Limited. an Adaptec company, all of which may be registered іп some jurisdictions. 
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CALL FOR CURRENT PRICING! 
AY Seagate 


51251.11... 4748 


E 


m 


COMME: 
= FAX MODEMS 
З а IDE 9400/2400 for PC and 
CP30104. 12098 195 ЮЕ 5199 PS) f WinFos or ЗАҒол softenre 
CP30174A 170948 — 17М5 WE 5192 9600/2400 Lapinps & Notebooks 
CPSA 24098 IWS ЮЕ 5228 1 44 BPS For ЁС ond PST 
CP30540 ... қалма 1095 SCSI $620 PCMCIA 2 0 9400/2400 . 
" 540b POMCIA la 4/144 


The Team You Can Count On! 


UPGRADE TOUR 


abate 40 [айл 13 |С 33148453 25 


Cyrix 


PC Mog 824 Mu 
lordmad V2 0 


3865X Upgrade 


BOABOSIC 25 $128 
EUC 23 5158 


ңітгетті LEAL 


$X/MOW 386 CPU UPGRADE 

25MMZ {5X} 4149 30H? (5X) 
SLC/NOW! 486 CPU UPGRADE 

25мН7 {ЧС} $219 SOM (aC) $399 
466/HOW! 486 CPU UPGRADE 

25MHI [SX] 1399 33H? (DX) $579 
MCMASTIR 486 CPU UPORADE 
2SMHZ (SX) $499 АМЬ ADD 
Јуан? (05) 1959 ÊMÊ ADD 


BO4BóDtC 1) 5108 
604BSDRC-40.— $148 


$199 


$257 
$519 


BOCARAM/2 PLUS 


PRICES Floppy Drives 


REDUCED IDM Laptop Memory 
340K 525 WM2HI 144/1 2 DRIVE 519 | Piped 300, Ambra Treka .... .. ns NEM 8 
ж oe am = Tiekperd 7001 2М8 3366958 5138 
адма 357 2/20! кә ое 
529 MOUNTING 55 YEAR WARRANTY а575х IMB 0761419 5168 
FOR 3 5° DRIVES Thinkpad 700, 700С. 770, 720€ 4М8 0201420 $248 
BMB 0701421 5429 
Drive Controllers "— sow Wa S72 
4 Floppy High Density, JAOK, 720K, 1 44, 1.2 449 BMA N/A $448 
? Hard Aa MEM 44% PS/Note М45. МА 92ғ8804 $108 
?HedDrses КЦ. PS/2 Model N51, Notebook SLC, SX., .4MB 0761826 $108 
Hord ond Норру 1 1 оте. 4B 0701827 $268 
DIC. 3280 [Support 7 deros} ВМБ 0701828 S448 
Adoptec 1742A 32 MT ESA Laptop (N335X, L405X & PSNOTE 182 teh 790959 5108 
Adaptec 2842 MX VIB] ай 79£1000 $268 
Adaptec 1542 CF Bus Мет 14057, PSNOTE 1820MY — _. 79F100! $488 
DIC6282 24 E TOSHIBA Laptop & Notebook Hamer 
Hurd aud Floppy > /Ю................. 829 | MODE a m 
Her ond P T2000 / 120005Х .. n а PAB317U 584 
ULTRAT AF ICA BÜSMASTER T2000SX/T1000 LE Loss. AMB PARA 9278 
ULTRAJAF, VESA E 2 Bt GMB PABIISU 3427 
ULTRA? $C, W/CACHEO BMB u à 11200 ХЕ —. 246 РАЗЫ) 5102 
HARD & FLOPPY (VLA) T1400 NE PAB3O2U $105 
12000 SXE/T2200X/T 1800 
|j. a аа аена ФА РАХОО) 599 
АМА РАХОО 5279 
BMB РА20020 5477 
T3100 . 2MB  РА7\З& 5178 
T3100 E. IM PA83A!U 8118 
ӘЙ аас 248 РА82089 5108 
448 — PABSIQU 5704 
Wordstar 2000 Rel. 3.5 | 132005 298 PAB3O7U 5116 
Тым» sol атир! These cre the excct Fora РАВЗОЯ) 5214 
ue жасалына T3200 5ХС 228 PAB3I8U 5106 
dedi in ick Ip sola А ага amg PAB3ITU $224 
Rett boxed ond factory sealed T3200 AB PA7II7U 5185 
1330054 248 PA20O&U 5118 
$99 RETAR $495.00 aM — PA2007U $238 
AMÊ PA2008U $278 
lamb Рд20090 
T4400 SX, SAC, 78400 SXC. DXC _. 2М8  — PA2002U 
AM — PA2ODAU 
gea P4200SU 
1 бхаа PA?01Q0U 
J2MB 
T4500, T4400, ТІЗООС 3 SVOLTS AMB PA7012U 
т a amb РА2ОТЗИ 
+В PA2014U 
15100 .. 2MB РАВЗО1Џ 
- For U.S. and Canadian Orders only  тухолухослвхо мВ — PABIOAU 
1 HOURS): M-F TAM-6PM / SAT 10AM-3PM PST ВМВ РАВЗІЗ) 
TECHNICAL & CUSTOMER SERVICE CALL: i ج‎ 
В TERMS: SHIPPING UPS (Min. $8.25] Shipping charges 
ü (702) 294-0204 ore non refundable. Purchase orders from Universities, 
0 PURCHASE ORDERS & INTERNATIONAL ORDERS Fortune 2000 8 Government Agencies, NET 30 on appro 
1 WE BUY EXCESS INVENTORY DHL 4 
b 


STE 
ER ж 

72134 21 — 15$ ЮЕ 5215 
72135 , 72148. 155 KS $240 
7245A 24598 1545 ЮЕ 5218 ІВМ PS/2 Memory 
7345А .J349958 155 ЮЕ 524 | moon MEMORY PARIS PRICE 
MXTS4051 « Smb — ӘМ СЛОЕ 4598 | AMERA Enterprise 385, Hurdlo 385, 
PANTHER (ЕН) РО125 .. ЮООАА 295 94 — 3998 | етіп 385 (all model}... 798 N/A 5119 
PANTHER {FN} PIF ....13900MB — 13445 3691 $1238 ВМВ, . N/A 5409 

ўї аон 486 мы Hurdlo 485, 

FUJITSU 5 YEAR WARRANTY Міішініке iMi. NA MD 
MODEL SUE — SPEED ТМ СОЗ | 5/1 ond 286/5X 12121) 2ME 9279935 $108 
2623A/5 (3 5" АЯМА 1295  SCS/DE 5548 амВ 9279694 $208 
1624А/5 (1 5*| 52008 105 — SCSVIDE 3590 | 05/2 30/280.25/280 Adp Brd 149729 312K 1045348 135 
209451254. TOBOMB — 1045 504 1824 2MB 3085360 $114 
2217 174048 — 10S SCM $1348 | P5/2 355X, LS. 405X,70 E61, 061, 121. Ады Bed 6450509. 

26525 (FHI . 17500 Tas SCH S1BB8 | 34F301!, J4F3077, 502, 5557, 6555Х, P70, 545, 645 KStatton 
26345 (FM) .......... 2050MB KS $1578 | 1208 130. = ‚ IMB 6450603 $49 
2MB 6450604 $88 
MICROPOLIS өй pricing! #52 50, 501. 555Х, 60, 635X ._ 284 497259 $217 
2205 (3.51 она 10465 KIE WAT 2 6B 6450509 1358 
22100571... I050MB — 1045 — SCSI/IOE шыла 2-8 MB FOR P5/2 50 & 60, 2MB $159, AMA 5259, ЗАЩ 5457 
1520-15 ЕМ .......... 135098. — 14M5 SI $1098 | 15/1! Conon, Essentiols & Expert model x43. »44 & PS/ Voluepceot 
1548 (rid 174848 14М5 SCU 51294 | Ай model ascept Cua икән 4MB 9679290 5270 
1926 04 210048 11M5 scu $1753 16ME 9929: $818 
1936 PH)... 3300MB | 11MS $ $2238 | P5/2 70-421; A41, 821, М1; PS/1 
Etartiol & E modeh 411, 
УЖ WESTERN DIGITAL 2 YEAS WARRANTY | 25,5 Lyra ەا‎ IM 6450603 $49 
1210.. sss ВМВ 145 3.5" ЮЕ 3206 248 6450608 $90 
1250 uni. SAMS 127958 35° ЮЕ 9278 | Ғ5/2355Х:15. 405X, 555Х; 15, 655Х, AMB 34۴2933 $188 
$406. —-——— MONS 12% X5"iDE $298 | 95/290 XP, 95 XP, P75 [Pairs], "pd 
; NS 1296  3$'DE 3274 | 75.77.P5/1 Pro 2123 қый ME 5450902 594 
Р5290,95 XP, Р75 (Ромз) 56, 57, (o8) 
Р5/1 Consultant, Enerbol, Expert aì}, x13 
8 x14, PS/1 Pro 2122, RS/&000 _.. 2. 4MB 6450128 $208 
а ама 2 $428 
P52/2 355x, 15, 405 m" 12? $478 
intel Classic Memory Board Р52 70's and 80's 28М8 6450605 $297 
For 286 ond 185 sytem ASC) design gives EMS suppor! in ARMS pe зы a 
RU rete Жу! re EMS 21 PS/2 80-А2\ ABIL: A41 4MB 4451050 $248 
uing IME МАРАБ Works m both B 14 bri expartaor sors р5/2 80-041 IMD 6450375 SEB 
“2МЕС-5198 4МЕО-5308 8МЕС-5538 | p57700-511.31). 123,321,081, 161 MB 6450379 5118 


For Р5/2 14 Ви Marmory lor BM MCA, DOS ond 052 UM EMS 
2 ko GMB (ума IMEG SIMMS) 265-5772 AMB 9245 8М8-5572 


ЫЙ Memory 

MODEL MEMORY — PARIS PRICE 

Deskpro 385/15 А 1-2MB 100069001 $238 

298 108069771 $448 

4-8М8 106070001 $198 

Dani pre 284Е: 386 20. 20E. 25: 25€ IME 112131001. 559 

АМЕ 113132001 $228 

Deskpro 3805 амла boad 113434001 $299 

АМ Module 112534001 525? 

Deskpro 384-20 25E AMB 113645001 $299 

безірес 364/33, 304/23, 484/25. 

334,504. Ѕуметрго 29b 115144001! $104 

BMA 116541-001 $449 

32М8 118568 00151599 

ЗуМетрго; Deskpra 6 SKT ENP АЕрУУ/2МА 114559 001 $299 

Compog "M" ...... 7-549 129160 001 $278 
Deskpro 2844, 3854. 3865/20. ZON. 
Pontoble 4B5c, Deskpro M , Syiempro LT 

Senes 129160 001, Compaq fro Sigua ТАВ 118588001 $49 

298 118489001 384 

АРАВ 118590 00! $278 

OMB 128877 00! $424 

Prohea 3/25 & 252... 2B 141728-001 $109 

BMB 141742-00! 5449 

Prolina 4/25», 4/33, 4/50 IMB Modula 141607 001 394 

АМА Module 14684-001 $718 

ВАБ Modua 141685001 $418 

Compan Pro Sigma TEME 14932000! $795 

jZMB 149147-00131695 


E Laptop & мше Memory soon 


PARTE 

Coman 320 325 139497 001 $108 AT&T Som 2мё раз та 

Ж 139498 00! 528 аһ 17651 $2% 
BaB 139499001 5418 Во! 310 IME 23050-00100 — $108 
Conhxo 4/25CX 2MB 144520 001 $228 Dec pc 320 Notebook , 2MB Mad FR-PCIM BA — $149 
AMB 14521 001 5411 4MB Mad FRPCIM-BB — $298 
l&áwB 144532001 5848 ВМВ Mod FR-RCIM-BD 1498 

1728 IMB 110215 001 $75 Dell іорюр 212 21064, 3204 7M8 Mod 210-3204 5179 

4B 110737-001 5218 Dell 325N NC 2B Mod nonio $1» 

91385 1b 118303 001 479 Del м0 & NE25 2MB Mod 310-3213 5148 

29b 118304 00! $108 Epson NB J Notebook 20 амы ABOESI1 $208 
4w& 118205001 9228 Epson NB SL/ Р 2M Mod АВОВ77! $138 

і» 286 ім8 117081 -00t 179 EPSON 25C Notebook AMB Mex ABDB78) 3228 

ЉБВ 117081 002 $59 Everex Tempo LX, LX20 есен ZMB 00140 598 

ANB 117081 004 $208 Everex Corrier 298 05243-00 $108 

(е 3855/20 IME 121125 001 $9g Grid 1500 4B 52587 4238 
AMB 1211250028 $248 Grd 14505X PAB 6200203 $148 

te 110/20, 25. 25C тё 139769001 — $138 Соф 05520. 386516 . ім NAA 5% 
AMB 129769 002 1248 aB N/A $298 

BMD — 129769003 $421 NCR 3120 Notebook AME Mod оққа $299 

1 алар 129762 00да 5408 NCR 3170 Notebook ЕГІН Mod 31230104 $297 

ITE Lw 485/25С LAB 142237002 5277 Packard bell, Magnovor tubo — 1B N/A $108 
BB 14213700] 5476 ama N/A 5208 

tna 142337 004 $798 Panasonc CF170/270/ 379 m CF-BAIES $a4 

Samsung Netemaster 3865 ‚ OMB SNMOO2 $195 

[Р "=" к= ны иш на ип ш пш ит кв нй ы пы Еш ee | 4MB ыма 5395 
Sonyo !7NB !BNB & ZEOS 248 МӘС мәмем2 59 

E Simm Modules >22 was Сев 4% 

Г; Ш Shorp 5540.678! 6081 6785 amb N/A $28 

y Pes honge upand down col. Spp modules, odd $5 000 - Seca Cane $4 ОҢА WM 
OESCRUTION 10045 BONS 70NS GONS JINS 40NS , 

B «o 55 $312 $15 $I? ы Il Travelvots 2000 IME 2568034001! $108 
IMEGK3 - $4? $49 42 559 564 : Yt Troeslnota 300055: WINSX ?MB 258978-0001 5116 
IMEG X 9 $1? S49 551 $55 54 578 g "Toekoe 4000 

Й схо slaa 5150 5148 Ш моху 25 5/12, 8x25, Dx2/a0., амд 258124500) 32% 

Ш ›змксх»з5 сыг) 5999 g 02/5 TMA AVAILABLE 51993 

Bg 2526 IMEG (72 Ри) 449 %, 

412435 2MEG |72 Ре) 498 5108 4128 

Шіхзамс02ғаа 308% S194 5296 M fis Memory 
1135 ВМЕС (72 Ре) | 339 4298 546 NA носни MEMORY PARIS PRICE 
aX34 SMEG (?2 Pe] $578 5738 3648 a PEMA ۳ ГЕЛІ 5227 

Ш sos эмЕс o2 рел) $1795 S Е ۳ 5.150007 ЫМ 

Ш 16X35 4455572 PN $3950 [| eri à з cr кең ин 

у 
Ба пи пи йш пл йш ий ак иш яй ий ий аш иш шы мы иш ил | tà 00624000 MO 
ADVANTAGE 3855/20 25, PRO 51/25 
D-Ram Chips. SAVONS | мо OPEL p 

DESCRIFTION 15045 12045 100NS 7045 6045 » 

56414 11.55 1225 8245 pu ADVANTAGE РО 4861/33 025 BRAYO 

256X! STATIC 5195 3225 (C 2/255, 33 2% XD. гый T Xx58700! SIDE 

256 X Y 4145 $185 5240 $300 5315 $320 ім 500987 002 S198 

IMEG X | $395 $450 $475 3645 $675 | vê 50780002 59 
—_— 1d ED ғы ч | E 00780 005 51% 
PCMCIA 2.0 ADVANTAGE 485/25 13 336:5X20 POWER 
CACHE MEMORY SRAM MEMORY | 5:9) 4/33 135 500 AD. 
AST POWEEEAEC DEC PALIATOP | POEM 384/ TIE 84/23 E 2570 X1 INE 
V5ns 20ns 25ns || ое 1705 СЕОСАСРАО 16 | рима 1 384/25 13 488/23 4845020 
ЮЗ 595 345 495 ON Bu TC RADO MOMENTA | par SEVEN E 431 | wt TOO 59 
3248 895 775 625 PENICP NCR 7175 NOTEPAD РИМ OO.) 5198 
44l 1095 405 595 POQET SHARP РС 1000/7100 p ге 
ы 1000 895 795 SHARP РС 6700787417678 | POVER ETEC 3/258. 25S CEL 
lord 495 544 49 4785. SHARP PC 2800658411 164 ял 
12958 4 47 00 31506 A881/589] EOS POCKET РС POWER EXEC 4/254. ізі $208 
4128 598,05 1MB 6148.00 19 УЙ 
298 (182.00 PETIA EXEC 284 3855/2025 15С. m so0ala 00) 5% 
CONDITIONS: 25% Restocking Fee оп refunds within 30 ШШШ pow 
доу» No refunds or exchonges aher 30 days - WARRANTY шт » = 
REPLACEMENT ONLY, ALL PRICES FINAL. PRICES SUBJECT 
TOCHANGE. Mig. pari #'s for convenience only. Trademarks BERIN 684 Wells Road 


ore registered with their respective Co.'s. 386, 387, 287, 


SX, ore trademarks of Intel Corp. 


Circle 194 on Inquiry Card. 


COPROCESSORS 


1056 BASED MACHINES 
юс ш 
9037 Хин ім 
ку Wy. 
ENR D 
89337-5218 (45 
CS WS із 
круп: 
боғы 
кэрш 


ағыл? 25/50 5358 


Laser Printer Memory 
MEGAMEG SMEG BMEG 


MODULE 1MEG 2МЕС 
Apple Laermer der САЦ 

HL 10¥/DY $155 
Canon IBP4, 4 lte 84%... $148. $214 


Compaq Pogemo 15 & 20 . 2,598. 
Epon Arhon layer I, ВОПО. $195 
Epon « 5000 ond mare .. ... 98 


Epson Achon low 1000 A 1500 $138 
fo 71005720 . 3199 $279 


cdam 500€ and 550C iim 
HP2, 2D 


$109 
3, 30, ЭР, 2P, 2 $123 
HP Loser Jot 4, 1115 1300, 1200€ . 


БА Loser 4019, 40198 {1 5288} 8109 
IBM lome 4029 АЦ MODELS ay , 
МЕС 90. 290 5178 
NEC 95 .. $i08 
Сжз 400 98 Ұз 
Pockord Вей Р59500 5125 
Рогозоғк 4410/4430 $129 
Роло 4420/4450 Ls 9128 
Ponason« 4450 $105 
Panasonic 4455 ., im, SUZ 
OMS 4!0 —5119.3159 
Star 1504 ы $179 
Sor&ripid, 0, , 5178 4178 
Тоя а Роде Loser å — "Lnd 
Tid /PS17/P3I5 548 


Ado Laptop & Notebook Memory 
IMEMORT 


Boulder City, NV 
+ 


Сутїх 


intel 


486DX/SX CPU'$ 
80486 00/25 5208 
&B5DX/33 5909 
00486 00/50 ыз 
BO4BADX-2/5Q — $399 
BOMBA DK 2/66 — $538 
BOA 50/25 SIOB 
BMBSSI/T) — $178 


CAUCOOUNG FAM 514 


Clock Doublers COPROCESSORS 

for 386DX 83067 322 474 
4BADGI? 16/32 $268 83087 AOE 384 
48458х2 20/40 52%8 8258? 25MH? $44 
ABSDRX2 20/40 $218 B3587 AER 584 


$264 
,, S189 .. 


ЕТІ 
, $276 


. 3420 
$243. $329 


NEVADA] MEMORY, HARD DRIVES & CPU UPGRADES 


Call for our updated GUARANTEED LOWEST PRICES 


т. трай Ја las ladies 


Lire. [a блм Пагу Гуши {у 
ыл | ке ЕБ: ГОЗ TC ESTA T- T TETTE TOT AT: 
- Dn 


„ 541, тамои, Мізіге 0111, 
+, wi, “ізден 10411; 


наны: том 
ALICE, YOLUENT * Ж: 1, 
IPH әкені с, с jet 
Tar {1 ; Perigam `>» I! 


рага лде mew глиб 15 vou GOO asti; 
ete веч rani: 


tian әймейзі4: із amre; өзі? 5 іс are) етінее weed ii 


integrAda tor Windows ts a Professional 
Ada Programming Support Environment 


ande Сү ex +Develop Windows, DOS or POSIX Applications 
For More Information Call: +Validated Ada Compiler 
+Microsoft C Compatible Interface 
+Windows Linker, Resource and Help Compiler 
+Complete Set of Windows Ada Libraries 
+Easy_Ada Libraries for Fast GUI Development 
x Powerful Design and Programming Tools 
+Applications are True Executables 
+SDK Not Required 
+No Royalties 


"'aereon 


Апп Software Development & Tools 


MICROSOFT, 
WINDOWS.. 
COMPATIBLE 


Inia Ada is a registered trademark of AETECH, Inc. 


Window lk a raele hademsri df мірге, COTAN) 5841 Edison Place, Suite 110, Carlsbad, California 92008 (619) 431-7714 FAX (619) 431-0860 


| Serious Speed For 


z 56 Kbps - It's Cheap and | 
Serious Modem Users Def | 
| Nothing Else Comes Close! vo ge ie сайчы 


Ò similar to analog phone 


| lines, and is widely 
available. Since your 


serious speed from their 
modems. 14.4 Kbps? 
You must be joking! 
Waiting for a large file 
transfer is like watching 
corn grow. 


COMMPORTER із a trademark 


— = кенмен —— — 
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ed. Because they’re digital 
end-to-end, you can accu- 
rately transfer files four 
times faster than a V.42 
modem and six times faster 
than V.32! 


of МЕТАСОМР, inc. All rights reserved. DOS, Windows, OS/2, Unix, PROC 


munications software. It 
configures easily, emulating 
a standard COM port with a 
Hayes-compatible modem 
attached to your ISA/EISA 
System. 


ЕЗІ AL: — — —= 


| 
| и ж- 5 actual connect times will 
"TE Noo be a fraction of those 
| vb , with an analog 
^ modem, you could 
2 save the $995* price of 
| ‚а, мых ы the СОММРОКТЕК in the 
е mmm ж. s. ең first month of use. 
„ч dieit | ш Now you have a choice: 
а ps «авиа modem — Software and watch the corn grow whil 
m uh card that offers performance | : BT 4 
"uw ceni P h System Compatible waiting on your slow 
a = Р no other m а сап toucn. DOS, Windows, OS/2, Unix, analog modem, or call 
Fast and Reliable PROCOMM, Crosstalk, METACOMP. Get serious. 
COMMPORTER uses 56 Kbps НурегАссеѕѕ - it makes no Get the COMMPORTER/56. 
digital telephone circuits, difference. COMMPORTER 
Serious PC users demand either switched or dedicat- works with any OS or com- 


METACOMP 


10989 Via Frontera 
san Diego, CA 92127 
Tel: (619) 674-5000 
Fax:[619) 674-5005 


* Quanity one, end user price. 


OMM, Crosstalk, and Чурек сех are trademarks of their respecteee compares. 


Circle 218 on inquiry Card (RESELLERS: 219). 


Sewing you since 1979 


a JDR Microdevices? 


2233 SAMARITAN DRIVE, SAN JOSE, CA 95124 


| Fast Multi 1/0 Card 

* Includes two NS16550 serial 

ports, one parallel port and 

ane game port 
• 8-bit 286/386/486 compatible card 
MUTAF c шил у 
MCT-AIO As above with one NS16450 ................. $49.95 
MCT-IDEIO+ IDE w/NS16550 compatible serial ........ $99.95 
MCT-IDEIO — IDE w/NS16450 compatible serial ........ $69.95 
MCT-VIO V L Bus IDE and Multi 1/0 card ............. $99.95 
MCT-IDEFH 16-bit IDE floppy card .......................... $29.95 
MCT-VCFH VESA Local Bus cache IDE controller . $229.95 
MCT-VSCSI VESA Local Bus SCSI-2 controller ...... $299.95 


VIDEO PRODUCTS. 


VGA Package with 


Accelerator Card 
ғ 1024 x 768 in 16/256 colors, 

800 x 600 іп 16/256/64K colors, 

640 x 480 in 16/256/64K/16M colors 
* 14° diagonal screen; 0.28mm 
“ 16-bit 286/386/486 PC compatible Windows 

accelerator card, interlaced and non-interlaced modes 
VGA-PKG-1024N ..................................................›.....›.. $459.95 
VGA-PKG-1024 0.39тт, 1024 x 768 VGA package ... $349.95 
VGA-MONITOR — 0.39mm, 1024 x 768 int. monitor ..... $269.95 
VGA-MON-1024N 0.28mm, 1024 x 768 non-int. mon. . $379.95 
VGA-MON-17N 17°, 0.26mm 1280 x 1024 non-int. mon. $799. " 


Low Cost Windows 


Accelerator 
* 16-bit 286/386/486 PC compatible; 


supports interlaced and non-interlaced, analog or or 
multisynch monitors; VESA software compatible 
¢ Up to 1280 x 1024 resolution in 16 colors 
MCT-VGA-5000 
SPEEOSTAR-PRO 16-bit Windows accelerator ......... 5129.95 
16-bit 1024 x 768/256 color card . $129.95 
16-bit 640 x 480 VGA card ............. $49.95 


MCT-VGA-4000 
MCT-VGA-1000 


POST Code Display Card 

e 286/386/486 compatible 

* Displays Power On Self-Test codes 

* Works when software won't boot computer 
* Includes AMI Diagnostics software 

|  M——————————— 


Wire-Wrap 
Prototype Cards 


JOR-PR2 8-bit with 1/0 decode layout ............ $29.95 
JDR-PR2-PK Parts kit for JDR-PR2 decode ............ $8.95 
JDR-PR10 16-bit with 1/0 decode layout .......... 
JOR-PR10-PK Parts kit for JDR-PR10 decode ........ $12.95 
PDS-601 8-bit breadboard with decode .......... $19.95 
PDS-611 16-bit breadboard with decode ........ $89.95 


EPROM Eraser $39^ 

* Quickly and simultaneously erase 
up to 4 standard EPROMs 

• Includes wall plug power supply 

DATARASE ll .......................... m. $39.95 


EPROM Programmer 

* Programs devices up to 512K bits, plus 
27C100, 270101, 270301, 2701000, 
2761001, 2702001, 27C4001 & more 

• With 8-bit 8088 & 286/385/486 PC compatible card 

е ДЕ socket accepts 0.6" wide DIP IC's to 32 pins 

М00-МЕР-ЛА .. T wt 

М00-МЕР-4А Ав above with 4 ZIF sockets ... — $269.05 


TERMS: For shipping & handiiag Include $5.00 fer ground & $7.50 for air. Orders aver 1 10. and foreign orders may require additional Shipping charges-—cantact our Sales Dept. for the 
amount. CA residents must include applicable sales tax. Prices subject ta change without notice. We are not responsible for typographical errors. We reserve tha right to limit quantities 
and to substitute manufacturer. АП merchandise subject to prior sales. A full copy of aur terms is available epon request. Items pictured may only bs representative. JUR, the JOR loge, 


3-Button Mouse 514% — » 
* Accuracy 290-1450 DPI "n 
„ Opto-mechanical design 


ДЕНІНЕ RSE Sea 
MOUSE-PAD Keeps mouse ball free of dirt......... MEM $4.95 
MCT-GAME Dual port game card ' 
JSTK-300 /оузйК.............................................. 59.95 
JSTK-500 | Pilot-style Joystick ............................. $19.95 
Low Cost Internal t 
CD-ROM Drive ا‎ 
e 5-1/4" half-height internal drive ap е] 
with 1/2 length interface card ea | 


• 150Kb-175Kb per second, 350ms average access time 
* Includes drive, interface card, cables and manual 


oor NF ee E .. $199.95 
CDR-84 NEC internal dual speed CD-ROM drive $499.95 
MCT-SOUND — 8-bit sound саш....................................... $49.95 
SB-OLX SoundBlaster 8-bit sound card ................ $89.95 
VIDEDBLASTER 16-bit video card with software ............. $328.95 


5-1/4" & 3-12" 
Combination Drive 
e 5-V4* half-height beige drive 
* Supports 1.44Mb, 1.2Mb, 

720Kb & 360Kb diskettes 
- S ЖИШШ ee К М ТҮ e Р 
ЕОО-2.88А 2.88МЬ 3-1/2", Beige ................................... $99.95 
FOD-1.44A 1.44Mb, 3-1/2", Beige .................................. $59.95 
FDO-1.44X%  1.44Mb, 3-1/2", Віаск .................................. $59.95 
Ғ00-1.2 Io MIU m ———— $59.95 
FDD-350 


QBOKD, 5-1/4", Black .................................. $59.95 


5-V4" 360Kb 05/00 disks whabels & tabs .$.25 ea 
5-14" 1.2Mb DS/HD disks w/labels & tabs .$.45 ва 
3-V2" 720Kb 05/00 disks w/labels & tabs . $.39 es 
3-V2' 1.44Mb DS/HD disks w/labels & tabs $.59 ез 


MD20-BULK 
MD2H-BULK 
3.5D-BULK 

3.5H0-BULK 


250Mb Tape Drive 9169 
е 286/385/486 PC compatible . 


* 016-40 read and QIC-80 
read/write compatible 


• Up to 3.5Mb/minute transfer rate 
e 5-1/4' internal half-height drive 
* includes DOS backup software and manual 


о RCM RENE ONES OE ИЦТ ..$169.95 
IDE Hard Drives 
PART? BRAND CAP. SPEED ТҮРЕ PRICE 


CP-30084 
ST-3095A 
ST-3144A 
CP-30174 
CP-30254 


Seagate IDE 

Drive Kits 

* 16-bit 286/386/486 PC v 
compatible card 

” [ncludes hard drive 


3-1/2" IDE 
3-1/2" IDE 
3-1/2" IDE 
3-1/2" IDE 
3-1/2" IDE 


$189.95 
$189.95 
$209.95 
$229.95 
$269.95 


Conner 
Seagate 
Seagate 
Conner 
Conner 


a 16-bit controller interfaces kS 
two hard and two floppy | 
drives 
HDKIT-80 Kit with 89Mb ST-30964 drive ................ $209.95 
HOKIT-130 Kit with 131Mb ST-3144A drive .............. $229.95 
HDKIT-210 Kit with 214Mb 5Т-3243А drive .............. $269.85 


Toll-Free Fax Ordering 
800-538-5005 


M 


Local 408-559-1200. 
BBS 408-559-0253 


BUY WITH CONFIDENCE FROM JDR! 


30-DAY MONEY BACK GUARANTEE 
1 YEAR WARRANTY 
TOLL-FREE TECH SUPPORT 


UPGRADE COMPONENTS | 


Dynamic RAM 
PART # SIZE SPEED TYPE PRICE 
41255-80 256K x 1 В0п5 DIP $2.39 
1MB-80 1M x 1 80ns DIP $4.99 
41256A9B-80 256Kx9 80ns SIMM $14.95 
41256A9B-60 256Kx9 60ns SIMM $16.95 
421000A9B-80 1Мх9 80ns SIMM $49.95 
421000A9B-60 1Мх9 60п5 SIMM $59.95 
424000A9B-80 4Мх9 SIMM $159.95 
424000A9B-60 4Мх9 SIMM $179.95 
DUE TO CURRENT MAAKET С 00 » A ж 
САЦ OA CURRENT DRAM 
Math Co-Processors intel 
PARTS SPEED PRICE PART é SPEED PRICE 
8087-2 8MHz 129.95 | 80387-SXP <25MHz 74.95 
8087 5MHz 89.95 | B0387-DXP <33MHz 79.95 


80287-XL 12MH2 74.95 | 80487-5Х 


OverDrive Processors 

ODP486-SX20 For 20МНг 486SX OverDrive socket . $299.95 
00Р485-5Х25 For 25MHz 4865Х OverDrive socket . $359.95 
ODP486R-0X25 Replace 25MHz 4860X w/50MHz DX2 . $359.95 
O00P486R-0X33 Replace 33MHz 486DX w/66MHz DX2 . $529.00 
ODP486-DX33 66MHz 4860Х2 for OverDrive socket ... $529.00 


MODEMS & FAX 


14,400 Baud 
Internal Fax/Modem р сз | 


• 14,400,/12,00/9600/4800/2400 
haud modem & fax 

* Full Hayes command set 
compatibility 

e QuickLink 11 communications software | 


MCT-144IF« — 14,400 baud internal fax/modem ..... $149.95 | 
МСТ-241 2400 baud internal modem with s/w .$49.95 
FAXM-SWITCH Connect famodem/phone on 1 line $89. 95 | 
FAX-SWITCH Above without modem connection .... $59. 95 | 


MOTHERBOARDS 


VESA Local Bus | 
486DX Motherboard $599 


e 33MHz Intel 80486DX or | 
66MHz Intel 804860Х2 CPU а 

* Uses 256K x 9, 1M & AM x 9 I 
60ns SIMMs (OK installed) 

» ZIF CPU socket for upgrades 

е Eight 16-bit expansion siots SIM 

• MS-DOS, Windows 3.1, DESOview 386, Novell NetWare 
and 05/2 compatible 


MCT-M48B6VL-33 33МН2 4860Х VESA loca! bus ... $599.00 
MCT-M486VL-66 66MHz 486DX VESA local bus .... $899.00 
MCT-M486EV-66 66MHz DX2 wiVESA & EISA hus $999.00 


s25MHz 369.95 


МСТ-М3865Х-33 33MHz 3865X ... — $129,965 
MCT-C386-33 33MHz cache 386 . e 9049.95 
MCT-C386-40 — 40MHz cache 386. $298.95 
МСТ-М4865Х-33 33МН: cache 4865Х ................... $449.95 
MCT-M488-33  33MHz cache 486DX ................... $549.00 
MCT-M486-50 — SOMHz cache 486DX ................... $799.00 
MCT-M486-66 — 66MHz cache 4860Х2....... 9849.00 
LITHIUM-6V 


6 volt lithium battery ..................... $10.95 


PC EDITION AND 


COMPONENTS EDITION 
AVAILABLE NOW! 


JOM Microdevices, and the MCT logo are registered trademarks af JOR Microdevices, Inc. Modular Circuit Technology із a trademark of JUR Microdevices, Inc. Copyright 1993 JOR MICRODEVICES. 
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; 4 | 
|. а Rack Mount Super Server | EEE — 


> Demonstration Console 
uos Мол vows | > DataCollections типш үк NT P 
B > Training Center Mode 
8 Features Include: 


ШЕ  Touch:creen monitors (14° & 17°)- 19" Rock Bose Unit - Stytisn 
i etephone / 


М & Modular Design - Credit Card Readies -T 
f айй Videophone - Printers -Custom Programming | 
WATI Power Supply 64 | 
| | QU 4 m 50 El 
1 | æ ~ ъ a | 
! 
| П cil Digital Video Editing | 
| Rack Mount Monitors | * 30fps Frome Capture Ful Screen! e Full Anay of Tronssstion Effocts! | 
Е г 2% Tupa VEA color (МАЈ f | “ Editing Software included • Capturo Video up to 16.7 Millon Colors! Es | 
Does СОТ eei . Compianto Non linoa Salution! 9 Supports al vidoo Standards! | 
Ogtorci АЯП Scruen Video Blende" e Text and Graphic Overlay 
” ІГА AF modes гүсисийе Less أ‎ m ? j 000 | 
| $785 а cwm ae | 
А нап Реп m T се? | 
Rack Mount Disk Array | PRUE BUS CURA POLIS 
» Hot Pug ат Supp e Sound Blastor 16 Discovery CD Kit е PROMOTION Real Time Frame Grabber 
e кёл FM a, | w/Dual Speed CD ROM % 5 titles . TARGA Boards 14 and 32+ 
e Far нен нат е САМОМ РС -300 & ЕС-520 Cameras е MATROX multimedia products 
Power suppl e SLIDE SCANNERS * ALDUS PHOTOSTYLER 
Р иин [аки Î ө DIGITAL FILM RECORDERS by Polarold . 
• Fa TE LEDS € BRAVO Slide Maker by Polaroid Image @ Multimedia Software 
o йак Aus. O NTEME OY FONG е MULTIMEDIA EXPLORER for Windows 


e UMAX 24-bit 600-1200 DPI Color Scanners e ANIMATOR PRO 


е varie Soe Калт 
e COLOR POINT CH4104 GMB RAM A-Sze е 3-D STUDIO (with systems onty) 


(1 © HITACHI Video Printers —— 
| ч НЕМЕН E а »- —_ a с a — س باب‎ UN 
e NIC CRS62 (320/ ) . 
A apid RAID * TOSHIBA ХМ3401 (200MS/327KB transtorns ЈУС HiRes Camcorder (410.000 Pixels) 
Super Servers | * Sony & JVC CD-ROM Recorders sl ge — 
* Easy to Configure | | 
s Fault Tolerant 
eee Rese KDOMINATOR 
° s Hot Swap Drives 
ME PS! | The Mother of all Boards! 
supplies i 
s Up to 70high capacity а Up to 256 MB ВАМ onboard 


- и € Up to 512K write-back CACHE , 
° removable drives. РОЕМ тараран 8 
ғ” 


| AQ 6.66/80 MHz | e Supports 484-33, 50, or DX/2 66 
| e Made in USA 

486-33 - 5 998 ! 
ree thee Am ее. Em EISA Bus 486/P24T CPU Card 
486-804 - CALL ; : The Ultimate Single Board Computer 
Pentium - CALL (ISA and PC/ 104 Versions also available) 


. System Includes: ші 77” a Upto 128MogRAM/ 1 Meg cache memory 

‚ intel 486 CPU Upgradeable to Pentium dii ompot PCX — 

based processor with Intel Pentium 4 — тили » ч 
m Reliable design is ideal for industrialapptications | 


Overdrive ready ZIF socket. 
Programable Flosh EPROM (optional). 


Easy to configure frequency synthesizer. EISA Bus 14Slot Backplane i 
256K Cache (Exp. To 1 meg) Supports EISA and PCXI Standard cards ЖЕТЕ HE 
Five 16-bit Expansion Slots Pe Backplane 
Three Vi Bus / 3200305 | ISA Bus 4-20 Slot Backplanes ЕЗ 
4MB RAM(Upgradabie to 128MB) | 4,5,6,8, 12, 14, 18, & 20 dot configurations. 
IDE HD/FD Controller with 2s/1p/1g | prie a =ч 

| 1.2MB or 1.44MB Floppy Drives iiiar 
101 Enhanced NMB Keyboard | А 
7 Bay Mighty Tower (Beige or Black) 0 Y 19" Rack Color Workstations 
2 Low Noise Cooling Fans with filters | p—————S— | 
300W UL CSA Power Supply f | E Hokjs up to ? full length boards 


Black Mouse/KB/Monitor Options E Cooling tan contros operating temperature of boards 


қ E fusinmoermbrnranme boys orf ecypaxcis | extermol bated cesi 


| E — 486 EISA System § "Power Lunch" 25287 


АП5ТЕ Wings, Damon Әсет, 2 The Mca H Color For demanding TechnoWizards on the go! 


сее, | ee са аа i» Call tor E 386 and 486 EISA, ISA, or VL | 
Sompe. Noc. look, Hrocni. ViewSonic, CTX. CCS! 486- 1 497; AMI Pricing! с MotherBoards Available | 


Hard Dove Options 120Meg!o709Gig | Configured As | | : steal Slots Color LCD and Color 

ag делу: ee Catone Above 256K LCD & Gos Plasma NOW AVAILABLE! 
Cache On МВ, 3 н 
8 EISA and hr , Cases Available 


1 VLB Slots di... p - 
= us аа — — ы, ЕЕ = = z 


pru pid 
151 0 Stone Ridge Dr. Major credit card: —À. Pertonol & corporote leasing avalabie. Al picos reflect cash Gscount Fortune 1000 ра 


lam Call: 1-800-775-3525 2. | | | 


соггрогйез. unmvergitios. t PO's weic 7%! ай PO’ ions, 
Stone Mountoin, GA 30083 гари ч Та T пору. Specifications, pacing оға 


ipie A AID: ho ا ا‎ Domiui, Unius sal Bus ora lmao gina lon Station aie toca mers of Compu tor & Conio Бой nicer Other lideri arn property of thal ietpectheo holders 


tle 4 Nem. . UNE ЖЕ "Pod Exe = | АР 


ТітеУ/апа” 1 DuraWand* TimeWand II 


Data collection is fast, easy, and extremely accurate 
when using Videx portable bar code readers. 
Cordless operation, compact size, and light weight 
allow you to take the wands wherever the work 
needs to be done. Call Videx today for your free 
information kit: 503-758-0521. Prices starting at: 
DuraWand ............... $495 


Videx 
TimeWand II ........... $698 


See us at MacWorld Expo, booth #4261 
1105 NE Circle Blvd., Corvallis, OR 97330-4285 


503-758-0521 * FAX 503-752-5285 


TimeWand, DuraWand, and Videx are registered 
trademarks of Videx, Inc. GCO355 


TimeWand I ............ $298 


Circle 241 on Inquiry Card. 


Four more reasons why great Sysops 
choose Gtek for their multi-line BBS... 


ВВ5550 PCSS-8F 
Eight port Serial VO card Eight channel 
especially suited for Intelligent Serial 
BBS systems. card, Unit has 
16550 UARTS are 4 eight RJ-12 
standard. Ports И connectors, up 
are individually to 128K of 
addressable. dynamically allocated 
Individual FIFO memory and 
interrupts (IRQ 2 - 15) its 24 MHz 
may be assigned to each port or interrupts processor handles 
тау be shared among several or all ports. 10 input speeds up 
conductor RJ-45 connectors with FULL to 115,200 Kbps. 


DOS, UNIX, XENIX and 
FOSSIL drivers included. RS-232, 422 & 
485 interfaces available. 


modem support. Up to eight cards may be 
installed in a single PC for up to 64 ports. 
DigiBoard & Galacticomm compatible. RS- 
232, 422 & 485 interfaces available. Call for 
a list of supported BBS software. 


AT aa * 
D, Ss.8 һ 


Eight port Serial JO card. Has 8 DB-25 
style connectors with FULL modem support 
іп an external enclosure which mounts to 
the rear of your РС, 16450 UARTS are 
standard. 16550 UARTS are optional. Each 
port is individually addressable or may be 
located at a single address and selected via 
control code, Int 14H and Windows device 
driver and example code included. RJ-12 
version available. RS-232, 422 & 485 
interfaces available. 


Ultra high speed Intelligent Octal Serial 
Card. Unit has eight RJ-12 connectors, up 
to 512K of dynamically allocated FIFO 
memory and a 24 MHz processor. 
Custom gate array provides DMA transfer 
rates to 1 Megabyte across the PC bus. 
ИО Mapped registers so no host memory 
is used. Input speeds up to 115,200 Kbps. 
DOS, UNIX, XENIX, and FOSSIL 
drivers included. RS-232, 422 & 485 
interfaces available. 


All produci or company names are 
trademarks of their respective holders. 


OEM & DEALER INQUIRIES INVITED 
GTEK. ` 800-282-4835 (СТЕК) 


Р.О, Box 2310 * Bay St, Louis, MS 39521-2310 USA « Mississippi & Technical Sopport 601-467-8048 • Fax 601-467-0935 


Circle 226 on Inquiry Card (RESELLERS: 227). 


| ҢІ ИТІМ ~ %;! ЖА eat 
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CENTRAL SERVER CONTROL 
FROM ONE KEYBOARD & MONITOR 


“Мо other solution 
р 
_ Stacks ир.” COMPARE QUALITY AND 
PRICE PERFORMANCE! 
e "Plug and Play” Any Mix of PC/ATs 
& Р5/25; Supports All Video 
* Desktop or 19" Rackmount Models 
for 2, 4, 8, 16 PCs, Expand to 64 
* Keyboard Emulator for Error Free 
PC Autoboot and PC Operation 


* AUTOSCAN™ to Monitor All PCs 
* Add Mouse Control 

Add Remote Access up to 150 Feet 
* Thousands in Use Worldwide 

GSA Schedule for US Fed. Govt. 


RARITAN COMPUTER, INC. & '* 
10-1 Ilene Court, Belle Mead, NJ 08502 
Fax (908) 874-5274 ROI 


MasterConsole saves space, 
eliminates clutter, cuts cost. 
simplifies network server 
control with 100% reliability. 


CeBit’94 Booth 9014809 

Germany - Elsner Computertechnik, Tel: 49-521-889877 Fax: 49-521-889925 
Japan - Proside Corp., Tel: 81-3-3254-6131 Fax: 81-3-3254-6134 

The Netherlands - Artelcom B.V., Tel: 31-1-442-3313 Fax: 31-10442-3443 
United Kingdom - Kemitron LTD, Tel: 44-244-536123 Fax: 44-244-531043 


3-DAY MONEY BACK GUARANTEE FULL I-YEAR WARRANTY 
Circle 265 on Inquiry Card (RESELLERS: 266). 


LET YOUR COMPUTER DO THE TALKING! 


Bl Automated Attendant 
Bl Unlimited Audiotex 


Integrated 


j vee / Bee Mail 
integrates major volce/fax applications plus 
program control into one full-featured high ¥ voice Mail 
performance software. PC-AT/ 386/486 based. 

Menu driven. Easy to use. Full support for Е Talking Yellow pages 
Rhetorex, New Voice, Dialogic, Bicom, Pika, 

ТТІ and Intel voice and fax hardware. Supports B Telemarketing 

up to 32 voice lincs and up to 8 fax lines. Bl Fax Mail 


Bl Fax-on-Demand 


esr ҮЗЕТ 


Fax-on-Demand lines: 818-368-4566 or 818-368-8848 
отатТесҺ Safiware Bl Fax Broadcasting 


b? 


В Date/Party lines 


10801 ен" AVR Northridge, CA 91326 USA B Int'l Call Back 


t Resellers/Dealers/OEMs/Private labels are welcome) 


Circle 250 on Inquiry Card (RESELLERS: 251). 


 SHUTSUÉMOUTH! 
Voice Mail 
Call Processing 


|, Fax-on-Demand 
Systems db your talking. Complete volce 
processing systems start under $300. 


800-685-4884 
Demo (510) 522-3800 ¢ FAX (510) 522-5556 Jii 
TALKING TECHNOLOGY, INC. J] C 
FREE Ahaan Brame Арзуга Са Kus thse DE ғ 
A " те 71006 Subject 10 change without notice. j 


n Inquiry Card. 


Circle 238 o 
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Now you can run high speed 


data iti der i. 
Develop code on PC =e Windows™ A Data Acquisition I 
Burn DOS in ROM 2. inteligence" handles he crit 
i T. 2 art ication: 
PC Compatible "o x 42 tasks that run in real time. The 


жұн "ow sy DAP сап be controlled from 
беге ИЙ. 1M Bat. سک‎ d put. ^u any Windows language or 
З serial, 2 parallel, dock, modem, A/D, LCD, keypad. “қ application that can make DLL 
KS-7 AT equivalent V53 CPU cad $269 - а! А. calls. The one shown here is written in Visual Basic™ and 
Options: PCMCIA, 4M ram, 2M гот, 512K NV sram, $1 39 um only seven DLL functions. 143 
5 serial, 3 par, dock VGA, keyboard, йор, modem, A/D. up 


MICROSTAR ' 
303-444-7737 Fax 303-786-9983 ҮРҮҮ 4 Рһопе: (206) 453-2345 
K | L Boulder Colorado 80301-2842 U.S.A. LABORATORIES; oríax: (206) 453-3199 


Circle 231 on Inquiry Card. 


Rackmount Solutions 


RACKMOUNT COMPONENTS - QTY 25 PRICING 
Rackmount Chassis 19x7x17 $183 


two 


TP208 Sbits 20MHz 
COMPUTER-CONTROLLED 


enera 


instrument! | 


Rackmount VGA Monitors $531 cu 
Rackmount Monitor Shelf $113 es — & 
Rackmount Keyboard Shelf 588 E 


RACKMOUNT PLATFORMS - Qty 1 Prcing 
RMS485-33EI5A $1799 RMS386-40 $814 
RMS486-33 $1443 RMS386SX-25 $693 
System Platforms include 7° Rackmount Chassis, 
200W Power Supply, Motherboard, 1.0MB Memory, 
IDE, FOC, 2-Ser, Par, 1.2М or 1,44М8 Floppy Disk 
Drive, 1 Year Warranty 


RACKMOUNT CHASSIS - 15 Models up to 20 Board Slots 
SLOT CPU BOARDS ~ 486, 386, 286<Х 

RACKMOUNT MONITORS - Super VGA and Monochrome 
RACKMOUNT CABINET — Modular from 21° to 96° high 


“М VALLEY 


TECHNOLOCY INC. 


2468 Armstrong Street, Livermore CA 94550 
(510) 447-2030 FAX: (510) 447-4559 


о 


uisition SOFTWA 


imeter. transient recorder 


vol 


Data ac 


cauisition card, has іг be placed in а free | 


puler. Now you have a complete measurin 


HARDWARE: 8 bits 2x20 MHz input range 20 mvolt..,80 volt, s 


ex 

e T 

z | 

12 т 
9 E 

PC-based Solutions for Ел a. E 

e e © STORAGE OSCRLOSCOPE - 

Industrial Automation e sPeCTRUMAMAbZER | СС 5 
е Industrial PCs & Workstations | © VOLTMETER ~ абе 
КЛИ ела Card Cages TRANSIENT RECORDER E o E 

* 486/386/286 CPU Cards a 

* RAM/ROM Disks ots 

* industrial YO Cards Eas ® 

" | = 
RS-232/422/485 CALL for FREE demo disketteand “5 Е 
1-800-800-6889 intarmation ATW NE - 
1-408-245-6678 іп CA COMPLETE SYSTEM $998! 2 


Fax: 408-245-8268 


Е 


channel storage oscilloscope spectrum analyzer 


TIEPIE engineering 
Tel: (31) 5106 9238 Faz: (31) 5106 9704 
Baltonserrsed 2, 9021 AR Jorwerd 
NETHERLANDS 


Circle 221 on Inquiry € Card. 


The Classic Color Tissot PC 


e Available in 486-33/50/66 system or Іп a SKD enclosure 
e Bulld-in 10" color SVGA SONY Trinitron monitor 

° 6 Slots with 3 fuil 3 half arrangement 

e 255.25" DD and 1х 3.5° HDD bay 


Data Acquisition 
for Notebook PCs 


High-speed, PC parallel-port connection 
* 2-ch D/A & 16-ch, 100-kHz AD 
° 32 digital 0 

16 high-speed digital inputs 
* 5S counter/timer channels 


AC or battery operable 
“ MS Windows graphical software 


ж E Tnm 
El = Hm 
thy PENES T 
ans 2000, Inc. - سی‎ 


ПЗЕ. Washi Blvd. SUP, Whittier, СА 90606 
Tel: 310-908-6814 © Fax: 310 - 908 - 6819 


Circle 261 on Inquiry Card. 


Oed esa 


lOtech, Inc. = 25971 Cannon Rd - Cleveland, OH 44146 


(216) 439-4091 « Fax (216) 439-4093 


Circle 228 on Inquiry Card. 
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PV Hard Drives JZ 


PS/2 50 50z 555х 60 70 80 P70 


DRIVES - May be used as a high performance replacement or to Co-exst with ongma! [BM drive. 
Hia ARD سم‎ 0S? 2.0, 2 and Novel includes IDE or SCSI-2 mecrochanne! controller, hard drive, 
mounting jot, ribban & power cable, manual, hardware, and free technical support 
106mb, 15ms, intemal Seagate IDE Drive Kit 
125mb, 15ms, Internal Maxtor IDE 
245mb, 15ms, Internal Maxtor IDE / SCSI Drive Kit 
340mb, 13ms, Interna! Maxtor IDE / SCSI Drive КИ............................ 


$4 
$479/$499 
,. %549/5626 
540mb, 8.5ms, Internal Maxtor SCSI Drive Kit... ины eg aa НВ 


1.069b. 9ms, internal Connor SCSI Drive КИ....... اک‎ нышаны VP 
Р5/2 Model 25, 30, 30-286 ی‎ 


а42тт\Б/106бгпЬ Hard Onve FO $t89/$253 Free тез tor СО-Әзт des: 0522 
125mb/245mb Hard Drvo eo 5254/3349 ^ ra К: and паса NT = 


General Te chui їйє 1 Warranty - 10 4 Money Back Guarantee 


E uil o 
i -800-GT-SALE-G сор |= 
Ты. [514] 981-9473 T اسا‎ =й (ре fam к ба 
Call lor your FREE Catalog today! Fan: (516) 981-5038 шт ета ТҮ ы Fei 
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Take аке SCSI To It's 


Termina tar 


High- Performance _ $59 
Active Diagnostic, + Active 


Regulation 
= Salus 
Indicalors 
. Cold Contacts 
: d. 
к Improves SCSI 
' Bus Performance 
* Less Errors; 
More Reliable 
Data Transfer 
* Diagnoses 
Problems 
с Analy zes Signal 


CMY, e MAC è UNIX Quality 


Gold Cables Ж, 
939 


i Diagnostic 
Indicators 
| ° Triple Shielding 
| * Double Gold 
Zu" Plated 
Connectors 
* Extra Heavy 26 
Gauge Wire 


x^ | » No Loss Of 


| Ф 
Сгапіќе а ae ad : Important Data 
DeleGeleToAol . Faster 
3101 Whipple Rd. Ph: 510-471-6442 _ idle Леа ны 
Union City, СА, 94587 Fax 510-471-6267 Integrity 


Circle 252 on Inquiry Card (RESELLERS: 253). 


Pcomputer professionals in this section! 
| ч 
г more advertising information: 


11924-2695 or (603) 924-2598 


DISC DRIVE REPAIR * NOTEBOOK REPAIR 
DATA RECOVERY * BUY & SELL HARD 
DRIVES & NOTEBOOKS 


NOTEBOOKS * NOTEBOOKS * NOTEBOOKS. 
COMPUADD EXPRESS 


COMPUADD EXPRESS 


120mbo/194 

213mb/l6rr 

Заст 473 

5TOmb/l15mt 

1 03gb/t0ms 

INTERNAL = a MODELS 
. 90-288 


а 25-286 
20mb'65ms , e" 


180 DAY WARRANTY m ALL HD REPAIRS 
МЕМ, RLL, SCSI, IDE & ESDI INTERFACES 


DATA RECOVERY SYSTEM 4 NOTEBOOK | t 


, “41 
$75 Evaluation Charge. Additional ڪڪ‎ REPAIR - 
Charges for Successful Recovery. 
Call For Pricing 


VISA, MASTERCARD, AMEX, DISCOVER, PO'S WELCOMED 


jD TECHNOLGIES, INC. т 


ПЕШПЕН DESH 7 
& TECH RUPPÜORT 800-688-0908 dc as. su kan 
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5105 Maureen Lane 
Moorpark, CA 93021 


Victory Printing Disk Factory 


800-727-DISK (3475) 


Automatically loads, formats, copies, 

verifies and PRINTS THE LABEL. on 

3.5 Қ 4.25 diskettes! 

ў a network or 
tributing data. 


Victory " m 


Enterprise: 


Pe reel for serializing or otherwise 
identifying specific Uiskettes. 
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Popular 
space-Saver 
Keyboard 


998.00 


Saves 60% desk space. Foot- 
print 27.3 x 15.2 cm. 100 full- - — 
travel tactilly responsive keys. Standard left-right spacing for easy touch 
typing. IBM XT/AT PS 2 compatible. Many language versions available. 


же m 5 155 Aviation Dr.e Winchester, УА 22602 
- VISA, MC, AmX - 


Circle 223 on inquiry Card. 
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Tel 1-703-662-1500 FAX 1-703-662-1682 
Auto-FAXed Specs FAX 1-703-662-1675 


246 


14,4К DatejFax 

JOCK 21% 
expandability to the SLT486DX note- 
book. The PCMCIA optlon adds two 
industry-standard Type 1! slots and 
lets you plug-in expansion cards— 
Data/Fax Modem, Flash memory, 
LAN adapter, or even wireless com- 
munication. The Docking Stations 
features four 16-bit ISA expansion 
slots, two 5.25" drive bays, built-in 
Ethernet adapter. and an electronic 
security system to protect both your 
notebook and your data. 


1-800-88 AMREL 


шан! olor LCE 
e Bitin P rack 


т ج‎ motherboard design 
supports CPUs from 486DX/33 to 
486DX2/66 and beyond so you will 
never outgrow your SLT notebook. 
RAM is upgradable trom 4MB to 
52MB to satisfy the most memory- 
demanding applications and a 
removable hard drive allows for easy 


storage expansion. 
AMR = 


26998 ЖА 


AMREL TECHNOLOGY INC. 


11801 Goldring Road, Arcadia, CA 91006 


Те!:(818) 303-6688 e Ғох:(818) 303-8538 


Programmabil 


Circle 244 on Inquiry Card. 


' Model J: 
For project 
design 

> Model СЕХ: 
Universal Fax 
computer 


P d e Very easy-to-use 4GL for different infor- 


matlon processing 

» Development System on VGA PC for 
downloading the applications 

» DOS file system compatible 
dbf, wk1, pcx, bmp, txt, etc. 
compatible 

Communication | RS232, Modem, Fax, Infrared, Radio fre- 
quency links available 


| Very reasonable 


DIALOGUE TECHNOLOGY CORP. 
2nd FI., 38, Ching Shing Rd., Wen Shan District. 117, 


Taipei, Taiwan, R.O.C. 
TEL: 886-2-9327680 
FAX: 886-2-9317814 


Circle 259 on Inquiry Card. 
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Universal 
Keypad for 


Portable 
Computers 


Available in Ivory or Black 


Boost data entry speed, accuracy and con venience 
with Genovation’s Micropad,™ the innovative 
numeric keypad for portable computers. 


Is the unhandy numeric section of your 

TO COMPUTER Portable computer's keyboard dragging you 

down?....Give your productivity a boost by 
using our Micropad. The ergonomically 
designed Micropad is ideal for spreadsheet 
and accounting applications that require fast 
and accurate entry of numeric data. 

The Micropad attaches to the parallel port 
of any MS-DOS computer while providing a 
clean pass through connection to the printer. 
Power usage is negligible. Lightweight and 
M compact, the Micropad is fully compatible 

TO PRINTER with and programmable under both DOS and 
17741 Mitchell Nonh Windows. It is also available with connectors 
Irvine, CA92714 USA to fit keyboard and serial ports. 
TEL (714) 833-3355 


FAX (714) 833-0322 Py zw V ATI ^ р U 

(800) 822-4333 О O = 
pl Circle 225 on Inquiry Card. 
Cail on Other RAM Conversions 


РЕ КЛАЛ 


| a 


DIP to SIMM 


Convert obsolete RAM into useful RAM 


NEW BOARD retrofits surplus memory into a SIMM module format 


DIP to SIMM SIP to SIMM 
Board Only (You Solder) $ 8.50 Send Your SIP Modules 
Send your Chips (We Solder) $ 13.50 & We Retrofit to SIMM $13.50 


AALS TUT VTL: со sw Macadam - Portland, OR. 97201 
24 Hr Ғахһак (503)452-0208 Ph: (503)452-8577 Fux: (503)452-8495 
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Let your "true colors shine 
through" when you advertise your 
computer products in BYTE's 


HARDWARE/SOFTWARE SHOWCASE 


our newest, affordable, 4-color 
advertising section! 
Call for more details: 
(603) 924-2695 or (603) 924-2598 


Our New Contribution, 
Your New Partner 


V.32turbo 19200bps Main products: 


Available 14400bps+V.42bis «FAX(G3) 


9600bps+V.42bis 
9600bps«MNP5 


2400bps«4 V.42bls«FAX(G3) 


2400bps+MNPS 
Stand alone 
Internal card 
Rack mounted 


Branch office.U.S A. 
TEL : 818-2811826 
FAX : 818-2879825 


ШИШИ 


Rack Mounted 
Network Management 
System 


. 1994 


rm CeBIT94 


шінігті 
Bale L3-SThhD {21 


EM тн SEC SCHUNG HSIN RD.SAN CHUNG 


DATALUX introduces its new high quality, high brightness color 
) LCD monitor in the same case as the popular Monochrome version. 
© 640X $80, 2% Colors, VGA compatible, 2 CCFT backlights 
* Driven by [SA Bus Controller Card, no external power supply, optional CRT output 
* Adjustable desk stand, folds for wall mounting or portability, 1.75Kg weight 
e 197 X 147mm display (9.4 inch diag), non-reflective glass face 
* Contrast ratio of 15:1, 200ms Rise and 150ms Fall time 


ФАС) | Monochrome version 640 X 480, 64 gray shades. 
D 1 Хь? | Wide viewing angle. 
Also Available 
e Mobile/Industrial model sealed against spills and splashes in rugged drawn aluminum 
housing with optional swivel mount. 
* Touch Screen Version. Capacitive technology. Provides high resolution, fast response, all 
glass scratch proof pom clear sensor. мала with built ‘in controller and software. 


aT 


| Р 


| j - 2 ] АЛГ" 92 
Tet 1-705-662-1500 
FAX: 1-703-662-1682 
AutoFAXed Specs: 1-703-662-1675 


DATALUM 


155 Aviation Drive • Winchester, УА 22802 


Circle 222 on Inquiry Card. 


.- Receive 
ONE cp-RowA MONTH 
Re .ontaining new Shareware, 


Public domain & Commercial 
(Demo) software for DOS, 
Windows, OS/2, Linux 
and Macintosh. 


aca (Tie Ir. ai 
1 hes e CD s conte ai n eve y 


agin able 


NEA Games, Business, 
Programming, Graphics, Sounds, 
, Databases, New Drivers, BBS, 

x Utilities, Communication, etc. 


йесі жа € 


71! 
"эи! 


m Windows and D DOS 
based viewing software for fast 
retrieval and easy installation. Ready to be used on a 
BBS with files.bbs support. (Sysop discount available) 
Dealer Inquiries and International Orders welcome. 


г (12 issues) o 5 - SAVE 58%* 
2 ve 154 vr ri y $1 19. .95 - SAVE 69%“ 
= S ample (One E) | 619.95 29 


“ОН annual cover price - $239.40. Monthly ра (mant | мм available. 


jana Technology Group Inc., 908 Niagara Falls Blvd., Suit 479, ТЕРЕ 
North Tonawanda, NY, USA, 14120-2060. Phone (416) 633-2007 8 
Fax (416) 922-5597, BBS (410) 633-3527, E-Mail : info@jana.com! 


Orders, Call Toll Free. EZ 


g 


1-800-363-2083: 


Circle 267 on Inquiry Card (RESELLERS: 268). 


J : s t | A 
- „= а гъ 4 / 
ә | ae | 1 
4 1! | 1 -- 4.2317 * 4 ig} " 1 
4 


To order, call: 


1-800-3-DatalO, 
Ext. 911 


(1-800-332-8246) 

Also distributed by: 
Promark Technology West 

(1-800-227-3345) 


JDR Microdevices 
(1-800-538-5000) 


DATA I/O 


Circle 245 on Inquiry Card. 


ALL-07 КИ 


Fill ALL of your EPROM, PLD, GAL, FGPA, MPU, TIL... | 
| programming and testing needs with one unit! 

Supports virtually ALL 
programmable devices. 
Supports DIP, PLCC, QFP, 
SOP, PGA ... up to 256 pins. 
Gang programming 
option for production. 

Ш Free software updates via BBS. 
Е Algorithms approved by ІС 
| manufacturers. 


* Programs PLDs, PROMs, and 
EPROMs and microcontrollers 
up to 48 pins 

* Algorithm updates available 
via electronic bulletin board 


| Mg | HI-LO Syst TEL (510) 623-8860 
| из5. GRIMMER BLVD., FREMONT, CA 94538 FAX (510) 623-7260 | 


Circle 239 on Inquiry С Card. 
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IEEE 488/ Serial 
Converters & Controllers 


Connect IEEE 488 (HP-IB/GPIB) and serial (RS-232 or RS-422) 
computers, plotters, and instruments 


Оос | Ihe anart approach to instrumentation 


IOtech, Inc. % 25971 Cannon Road * Cleveland, Ohio 44146 
(216) 439-4091 * Fax (216) 439-4093 


Save time. Save money. 
Our wide range of C-programmable miniature ім 
controllers are ideal for control applications, dari ^^ 
acquisition, and test and measurement. Compact and low i in price 
(the Little PLC" above is 2"x3"and $195), these controllers are programmed with 
our easy-to-use Dynamic C™ development system. Our controllers feature digital 
VO, ADCs and DACs, relays and solenoid drivers, R5232/R$485 serial ports, battery- 
backed йі merry and time/date clock, LCDs, keypads, enclosures and more! 
Rm Б. 1724 Picasso Avenue 24-Hour Information 
|| Davis, CA 95616 Service 916.753.0618. 
| 916.757.3737 Call from your FAX and 
916.753.5141 FAX follow the instructions. 


Circle 243 on Inquiry Card. 


SPECIAL DEALS ON iS 


— 1 parm fe fol gine 
тш М ш Сатыт 
Есш. 


неу ДАУ» AVISION Gray, Desk/Laptop Scanner 
600 DPI.Built-in ADF, Direct print to Printer 
iPhoto Plus & OCR (Laptop adapter additional) 


АУСВОС - AVISION 256 Gray, flatbed scanner 
max. 1,600x1,600 DPI, Legal Size, OCR 


^ VOCUM; - AVISION 24-Bit, Іше Color Flathed Scanner 
Max. „ЖЖ DPI, Legal Size, iPhoto Plus & OCR . 


A V GDUC. - AVISION 24-Bit.Truc Color Flathed Scanner 
Мах. 1.61%) DPI, Legal size, Image Pal & OCR 


^VBOO -AVISION High-speed (10ррш) Scanner 
24 Bit, 1,200 DPI in Flatbed Image Fast «ОСК 


s 3556.67 
siad Qo $780.99 
stg $990.99 
sto 


$2900 $7 855.99 


Finthed Transparency Scanning Adapter soo $325.00 
TRS WITH CPL STARTING FROM 839.552 (Р 
| \ A m TIT 4A С [7 T) C ^ 1 ү Т Ч 3 [^ 
V ! М i : 1 i 
| Hi V [^ ығы” y Г\ Г ) 
yi Даша, А Y E A 1% 


А DIVISION PT LITECH CORPORATION 
| "АО 99 y~ RAGAM -В00Р.М (EST) 
LJ аы PL ЕС MON - SAT. 
LITECH CORP. “61 ў ^. MAIN STR., LOU тене: М. С? hue 


TECHNICAL SUPPORT: [-800-LITECH-6 
VAR and Dealers welcome* PHONE (919) 496-2669 FAX: (919) 406-7111 
VOISINS P THE REGISTERED TRADE NAME DF AVISION INC. * PRICES SURJECT TO CHANCE WITHOUT NOTICE. 


` Circle 262 on Inquiry Card. 
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P.C. Compatible Camera: 


Captures images and displays on VGA Equipped PC. 
*Utilizes CCD image sensor technology | *Resolution 192 (Н) x 165(V) pixels 


P.C. Control Software has the 

following features: 

• Snap shot image or quasi-video 
image acquisition 

* Auto exposure control 

e Electronic shulter 

* [mage pixel-by-pixel editing 

* Variety of image output formats 

* Flexible camera set up under 
menu control 

Package includes: 

* Camera complete with optics 

* [mage acquisition board for P.C. 

* 6 foot cable 


Price: $495.00 U.S. VISA accepted 

For more information or to order: 
Call Smart-Tech, Inc. at 1-800-267-9263 — . PC control software 
1051 Clinton Street, Buffalo, NY 14206 • Instruction manual 
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3480/3490 & 9-Track Tape Subsystems 
1/4" DAT 8mm Optical 


Windows Software Now Available 

* Tape Backup and Restore 

* Make Your Own CD ROM 
with our CD ROM Maker 

* Optical Storage from $995.00 

* Fujitsu Quality Drives 


CALL 1-800-938-TAPE 
Get The Very Best For Less 


Laguna Data Systems 
7340 Smoke Ranch Road, Suite C, Las Vegas, NV 89128 
Tel: (702) 254-2648 * Fax:(702) 254-0910 


Circle 232 on Inquiry Card. 


9- TRACK FOR PCs 


өө! Mainframe To PC Data Interchange 


Rock solid solutions, rock bottom prices. | 
Direct from the manufacturer. 1600/3200 /6250 bpi. 


e The most trusted nome іп 9-track, since 1980 
е Powerful, easy-to-use software tools included 
ШЕШ TEL: 619-571-5555 
1nd Data | FAX: 619-571-0982 
EUROPE: 
TE: (+44) 736891891 
FAX: (+44) 734891897 


Circle 234 on Inquiry Card. 


Desktop 9-Track Tape Subsystem 
#1-selling 9-track system on desktop. 


Qualstar's iow cost 1/2-inch 9-track Streaming tape 
systems bring full ANSI data interchange to IBM 
AT, PS/2 or Macintosh, giving your micro the 
freedom to exchange data files with nearly any 
mainframe or minicomputer in the world. 

Systems include DOS or Xenix compatible 
software, coupler card and cables. High reliability 
1600 or 6250 ВР! capability may be used for disk 
backup as well as data interchange. 


" Call us today! For details and 
[JUALSTAR a 


to order. Fax (818) 882-4081 
Phone (818) 882-5822 
9621 Irondale Ave., Chatsworth CA 91311 
©1989 Qualstar Corp. 


All product and company names and trademarks are the exclusive property of their respective owners. 
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* Tape Transfer and Format Conversion 
* EBCDIC + ASCII Data Manipulation 

| *AS/A00, TKSO, and ж" QIC Drives 
* UNIX Tar and DEC Save Set Options 
* Resaller inquiries Invited 


QuicxLory ~ Tape Duplication 


y» READ/WRITE 9-TRACK 
3480 * 8MM * DAT on 
YOUR PC NOW! 
Catt 4... (317) 742-2077 ox 


ETD mi 1-800-248-3475 


CORPORATION 
FAX: (з17) 42.829; Media Conuension Systems Since 1973 


Circle 256 on Inquiry Card (RESELLERS: 257). 


HiWIRE* H Schematic 
and PCB Software 
With support for ex- 
panded and extended 
memory, HiWIRE II can 
handle your most de- 
manding schematic and 
PCB designs. The unique 
HiWIRE II editor allows 
you to display and edit 
schematics and PCBs 
simultaneously, using 
the same commands for 


€)  WintekCorporatlon each, HIWIRE Il is $995, 


U AM j bi ld 
LAAWINTERK aan ілді and is guaranteed. 


(800) 742-6809 10800) 742-6800 


or (317) 448- 1903 - 


Circle 242 on Inquiry Card. 


Only One Peer-to-Peer LAN 
Gives You Four Connectivity Options 
| At One Low Price -- $99 Per Node! 


Only one peer-to-peer local area 
network offers you a solution that 
reflects the reality of business automa- 
tion: a mix of different cabling and 
connectivity options on one LAN. 

LANLink Professional gives you 
your choice of remote moder, or 
local ethemet, parallel and/or serial 
connections in any combination on 
the same network. And you can 
connect PCs running DOS, Windows or 
PC-MOS* operating systems seamlessly. 
Ethemef Networking А flexibility in one product from 

one company at one price: $99 per 
node. Plus you get rich networking 
features like print spooling. NetBIOS 
compatibility and more. Call The 
Software Link today. 


Call (404) 512-0600 
Fax (404) 396-6628 


LANLINK 


PROFESSIONAL 


Dealer — Welcome 


Policies qui qe 1 to change without notice. PC-MOS isa 
registered trademark and Link is a trademark of The Sofiwaro Link. 


Modem Networking 


| Parallel Nefworking 


Î Serial Networking 


Circle 237 on Inquiry Card. 
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Free Data Acquisition Software Tool 


DAQ Designer is a free software tool that 
helps determine which hardware and 
software combinations are best for your PC- 
based data acquisition system. DAQ Designer 
will (1) ask questions about your application, 
(2) analyze your answers to determine your 
system needs, and (3) describe what 
hardware and software you need to develop 
your data acquisition system. 


National Instruments 


6504 Bridge Point Parkway 
Austin, TX 78730 
(512) 794-0100 • (800) 433-3488 


Circle 233 on Inquiry Card. 


For Engineers who Excel! 


- ^ - = — "m ar Е 
е 
DADISP 
* Collect, analyze, and display е Statistics 
data in a multi-window graphical Peak analysis 


environment | e FFTs and Convolutions 
е Point and Click menu driven е Digital filtering 


operation 
¢ Data reduction and editing : ix мет 


: ра меи e Spreadshect environment 
е Matrix math 
DADISP is currently in use in engineering, laboratory data 
collection, matrix processing, manufacturing, science, signal 
processing, chemical and mechanical applications in automo- 
tive, aerospace, defense, medical, and other industries. 
CALL 1-800-777-5151 

for your free DADiSP Trial Kit for SUN, HP, IBM, NeXT, 
DEC, Concurrent, and Silicon Graphics workstations, and of 
course, PCs under Windows™, 


One Kendall Square 
Cambridge, MA 02139 


Devel " tel: 617-577-1133 
evelopment 
Corporation fax: 61 7-577-821 1 
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ш Keeps files you specify in E/XMS for ultrafast access OMEGA POINT, Inc. 

Ш Works alone or to speed up existent cache/RAM disk 25 Birch Rd. Framingham, MA 01701 

па Unlike cache, your files do not get nedlessly flushed TEL (508) 877-1819 
out of XMS, but are always ready for instant access 1 

@ Unlike RAM disk, no need to copy files / reconfigure FAX (508) 877-0915 
applications, no E/XMS wasted on granularity slack 4 

ш Reduce LAN traffic. Speed up DOS / WIN. Uses < 5k oin 

IB Price: $49 VISA, MC, AMEX 


FAST LOAD : 


FILE-WISE DISK SPEED UP 
BEYOND DISK CACHE! BEYOND RAM-DISK ! 


4 


< rs Qn => E 


POS 0 Ta 


QN a Жү roe m 


Circle 249 on Inquiry Card. "Diod 236 on Inquiry Card. 
TCP/IP | 3 International Mülkketers: | 
Ала” ТУЯ E шз: oon 
5 | eee | E | 5 4 э or {Г 
- PDS for DOS BE LAM doltworks Чү эм sty ер қоп c laste 
e Windows Sockets АР — | | growing markets today! | | 


Development Components ип. | REACH 78,000 LATIN АМЕН 


/bulld t 


tinae! 


yntaine 


ӨГ: 


Рог Моге information Сай 


(B05) 484-2120 ) Fax (605) 484-9928 info: 603-876-4311. | 


1 


BYTE READERS 
Now you can advertise in 1, 2, or 
all 3 Latin editions of BYTE: 
E i BYTE Mexico 
| BYTE Brazil 
BYTE Argentina | 
Give Liz at Global Ad-Net a call (о у for more 
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lá... 0 се DL 


| 4901 Morena B ; Blvd, өз ЖЕ EST СО AST MICR Ро C | 


San Diego, CA 
92112 


cR IDE HARD DRIVES — > MOTHERBOARDS a, 


CONNER 


CP30174 170mb 
CP30254 250mb 
CP30344 340mb 
СР20544 540mB 


Seagate 


ST1239A 
S13290A.  ... 
ST3390A . . 
ST3550A 


2 


CALL FOR GEST PRICE - ALL SPEEDS - OTHERS AVAILABLE || 250 Tape Drive — 14 SVGA, 28 DP Toshiba 1 Gigabyte 


IBM-PS/2 
6459804 
6452608 
6450902 
30F 5360 
34F2933 


250 


-— v» $49 
486DLC-33 


INCORPORATED Universities and 
Qualified Fi 
WE WILL BEAT ANY ADVERTISED PRICE a te Ne 
(619) 581-0125 (800) 581-6040 (51-25 ee 


MAXTOR | ISA BUS VESA LB INTEL VESA LB 
$180 7213А 21 Sats... $230 4860LC33.. $209 486DLC33 VLB ...$249 — 486DX2/66 VLB ........ $629 
$240 2454 245mb $250: 48601240 ....$239 486DLC40 VLB ...$259 — 486DX33 VLB auss. $308 
$310 ТОЗА. 345mb $278 | 4860X VLB W/O cpu'$119 
4$570; — MXTSAOSL Бате $720; — || — "BeSEC2IBB-IBM 496SLC2/66 VLB MINI EISA 

Western Digital | — 1SA5-36bit2:8bt — 8 Slots: 2-VL, HSA 486DX2/66 VLB ....... $708 
WD2200..- —200mb.. -— $220 Landmark 153.21 Landmark 153.07 486DX33 VLB ..........$459 
WD2250 250mb —-. $260 $275 929 485МВ „у 0188 


рр не, AONE. 5300 
Woa 49m. | ҖЫ» SPECIALS — — 
MEMORY —— | CONNER MONITOR HARD DRIVE 


72 РІМ SIMMS — SIMMS/SIPPS Шы d Тони зле санаанд 


ЭЗЕТ да ие NOTEBOOKS -ЕНЕ 
236-70 :$375 i 4 | IBM Thinkpad Toshiba 
4X36-70 — $659 4X9-70 i| 700 700C 720 4500 PCMCIA 
Cali For Best Price 16X9-70 4mg S229 — 4mg.... $259 14.4 Fax 
amg S459 8#тй,2..$49 Мойето.... F 
750 4600 SCSI Adapter . an 
83D87-40 ........948 8358733 $45 r $999 16mg 9969 Eithemel.. pus 
$75 485010-40 $85 || 20% restocking fee on all non-defective returns 
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THE BUYER’S MART 


A DIRECTORY OF PRODUCTS AND SERVICES 


THE BUYER'S MART is a unique classified section or- 
ganized by product category to help readers locate sup- 
pliers. Each ad has Inquiry numbers to aid readers re- 
questing information from advertisers. 

AD FORMAT: Each ad will be designed and typeset by 
BYTE. Do NOT send logos or camera-ready artwork. 
Advertisers should furnish typewritten copy. 2"X1 ie" 
ads can include headline (23 characters maximum), de- 
Scriptive text (300 characters is the maximum 
recommended) plus company name, address, tele- 


|. ACCESSORIES | 


RADIOACTIVE? 


Piot it on your PC with The RM-60 RADIATION MONITOR 
белді or printer port Detects: ALPHA • BETA « GAMMA • X-RAY 
МОВ, 1000 tmes the resolution of standard gegar counters 
Excotent tor tracking RADON GAS. Find sources. New Varson 3.1 
+ WINDOWS. Plot • Background * Cosmic Rays * Clouds * Foods 
CalWinte for PC MAGAZINE review. = TSR * GM Tube 
VISA/MC/EURO Phone orders. Not satisfied? Full refund. 


800-729-5397 or Tel/Fax: (302) 655-3800 
Avvare Electronics ағы; 
Р.О Box 4299, Wilmington, DE 19807 5149.50 


How's your MonKeyMouse™?!1! 
Your MONitor, KEYboard. and Mouse сап be much 
more effective!!! Control more than one PC/Server 
with a single MonKeyMouse™!!! Use two, 4, or even 
8 MonKeyMouse™ units on a single PC/Server!!! 
Locate your MonKeyMouse™ up to 80m (250ft.) from 
your PC/Server!!! 220V and 110V available. 


CR International, ALABAMA, USA 
FAX: 1 (205) 461-9762 


Inquiry 651. 


KEYBOARD, VIDEO, MOUSE, AUDIO 


Extend signals from PC with EXTENDER 
Split signals with COMPANION/PC EXPANDER 
Switch signals among PCs with COMMANDER 


Boosts signals up to 600 feet. Control up to 96 PCs 
with one keyboard, monitor and mouse. 


CYBEX CORPORATION 


4912 Research Dr., Huntsville, AL 35805 
Phone: 205-430-4000 Fax: 205-430-4030 


Inquiry 652. 


VGA Splitters 


Connect 2, 4, of more monitors to your computer 
Bright and crisp presentation simultaneousty on all 
monitors - Guaranteed 

Works with all VGA, SVGA, and RGB moniters 

Small durable motal case. MADE IN USA 

Extension cables available 


Santa Ала, CA (714) 641-6607 


inquiry 653. 


BAR CODE 
Labeling Software 


On EPSON, IBM, OKI, or LaserJet. Easy 
WYSIWYG design. Any format/size. Up to 120 
fields per label, 18 text sizes to 3" -readable at 
100', AIAG, KMart, Sears, MIL-STD, Pennays, 2045, 


128, UPC/EAN, Code 39. File Input & Scanned 
PCX graphics — $279. Other programs from $129. 


Worthington Data Solutions 


(408) 458-9938 800-345-4220 


phone and fax number. 2"x2%" ad has more space for 


RATES (Jan. 1994) 


descriptive text (850 characters is the maximum recom- 5 t та — 13 


mended). 


DEADLINE: Ad copy is due approximately 2 months 1ad 


(овес — issues Issues issues 


prior to issue date. For example: November issue 2 ads/issue a a 5 E 
closes on September 8. Send your copy and payment з ads/issue - - 529 501 


to: THE BUYER'S MART, BYTE Magazine, 1 Phoenix ayaue 


Mill Lane, Peterborough, NH 03458. For more infor- 1ad 
mation call: Margot Gnade at 603-924-2656. 


FAX: 603-924-2683. 


BAR CODE 


Portable Reader 


AA Battery Operated, 64K or 256K 


Prompt Operator with your prerecorded voice 
messages for data entry and error messages. 


4x20 Supertwist LCD Display, 36 Rubber Keys 
Real-time Clock Built-In tor Date/Time Stamps 
2 Built-In Inventory Programs 

3 User Defined Programs, & 3 User Data Files 
Wand, CCD, or Laser Scanner Input 

Doubles as Non-Portable Reader 

Serial Interface and Keyboard Interface 

Reads 2015, UPC/EAN, 128, Code 39, etc. 
Uploads with furnished Programs or Xmodem 
2 year Warranty on Reader & Wand 

30 Day Money Back Guarantee 

64K Compiete with Wand and Voice- $799 
New Smaller Size - weighs only 12.5 oz 
Worthington Data Solutions 


3004 Mission Street, Santa Cruz, СА 85060 


408-458-0938 FAX 408-458-994 800-345-4220 


* * * X* * NH * * * * +++ 


Bar Code Readers 


For PC, XT, AT, PS/2, Macintosh 
and Serial Terminals 

Attaches as 2nd Keyboard or to any ADB port 

Reads 2015, 128, UPC/EAN, Code 39, etc. 

External or Internal attachment on PC 

Wand, CCD, Slot Badge, Magstripe or Laser 

Two Scanners per Reader 

100+ Configurable Options 

2 Year Warranty, 30 Day S Back Guarantee 

Direct From Manufacturer 

Top Rated by Independent Review 

Complete with Laser Scanner - $1250 

Complete with Stainless Steel Wand - $399 


Worthington Data Solutions 


Swiss Office 

Rütlatrasse 6 

CH 9050, Appenzell Switzerfand 
071 87 51 17 FAX 

071 87 51 15 Phone 


eee et te X 


3004 Mission Sireal 
Santa Cruz, CA 95060 
408-458-9938 


800-345-4220 


Bar Code Printer & Software 
Allegro Thermal Transfer Printer-2" per sec 
speed. Up to 4° label width-Only 20 Ibs. weight- 
Prints UPC/EAN, 2015, UCC-128, Code 39, 128 - 
Prints scalable text and PCX graphics with bar 
codes ~ Packaged with LabelRIGHT Software, 
serial cable, ribbon and labels—Complete—$ 1895 


Worthington Data Solutions 
(408) 458-9938 (800) 345-4220 


$1,392 $1,336 $1,170 $1,114 
- - 1114 1,058 
- 1,058 1,002 


2 ads/issue 
3 ads/issue - 


BAR CODE 


Portable Bar Code Reader 


» Use as a PORTABLE, WEDGE, or SERIAL 

> 9V Battery Operation with Lithium Backup 

» 2x16 Supertwist LCD Display 

» 54 Key Keyboard with Separate Numeric Keys 
» Real-time Clock Supports Date & Time Stamps 
» Reads all Popular Bar Codes (16 types) 

» Wand, CCD, Laser, or Serial Input Devices 

> Built-in Program Generator 

> Create Your Own Custom Programs 

» 6 Built-in Inventory Programs 

» Upto 250 Programs Can Reside in Memory 

» Create up to 250 Data Files per Program 

» Up to 250 Look-Up Files in Memory 

> Built-In Calculator 

» Supports HAYES Compatible Modems 

» 64K Memory with Data Compression 

> 30-day $$ Back Guarantee — 1 Year Warranty 
» Complete Unit with WAND Scanner — $795 


AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 


(800) 648-4452 (817) 571-9015 FAX (817) 685-6232 


BAR CODE READERS 


For PC, XT, AT, PS/2, & Serial Terminals 
» Emulates Keyboard: Works With Any Software 
» Data Appears as Keyboard Input 

» Uses Enhanced Decoding Algorithms 


» Accopis Wand, Slot/Badge, CCD, Laser, 
Magnetic Stripe Reader, & RS232 Saríal Input 


> Reads All Popular Bar Codes (16 types) 

» Reads HIGH, MEDIUM, & LOW density codes 
> Auto-Discriminates Between Bar Code Types 
» Easily Programmed with a Bar Coda Menu 

» Over 140 Usar Configurable Options 

» Daisy Chain Up to 96 Readers 

» Supports NOVELL Networks 

> Supports US & INTERNATIONAL Keyboards 
> Direct From Manufacturer 

» 30-day $$ Back Guarantee, 1 Year Warranty 
> Complete Unit with LASER Scanner ~ $1095 
» Complete Unit with WAND Scanner — $395 


AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 
(800) 648-4452 (817) 571-9015 FAX (817) 685-6232 


SCANNER SALE 


е WELCH ALLYN Stee! Wand w/decoder $249 
ғ SYMBOL Laser LS2000, LT1700 or SP400 widecoder $099« 


Softeare Wedge (DOS Window) МНР Wand сс PSC Laser $1254 

Mag Stripe Encoder/Reader (2 o 3 racks) $1099« 

o Printing Software (DOS) $149* 

| * POS Products * VAR Discounts * USA Made 

г 2-5 YR WARRANTY + SPANISH Dept. Атай. 

BARCODE INTERNATIONAL SYSTEMS (BIS) 
12140 Severn Way. Riverside, CA 92503 

(909) 270-0016 - (800) 653-4252 - FAX (909) 270-0920 


Inquiry 654. 
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ВАВ CODE 


Bar Code Printing Software 
LabelWorks for Windows 
» Prints ail Popular Bar Code Types (19 Types) 
» Desktop Publishing Features: WYSIWYG, 
Scalable Fonts, Rulers, Guides, Lines, Shapes, 
Page Zooms (25%-400%), Templates 
> Rotates Text, Bar Codes, and Graphics 
» Supports Windows Compatible Fonts 
» Choose From Over One Hundred Popular 
Label Formats or Design Your Own 
> Rich Text Support: Mix Styles, Types, & Sizes 
» Automatically Prints Serial Numbers 
» imports & Exports Graphic Files: 
TIFF, GIFF, BMP, PCX, WPG, WMF, TARGA 
» Supports Virtually all Windows Competible 
Printers (PostScript, Laser, & Dot Matrix) 
» 30-day Money-Back Guarantee, $295 
*** CALL FOR FREE DEMO SOFTWARE * ** 
AMERICAN MICROSYSTEMS 
2190 Regal Parkway, Euless, TX 76040 
(800) 648-4452 (817) 571-9015 FAX (817) 685-6232 


NEED A ONE STOP SOURCE 


FOR YOUR BAR CODE SOLUTIONS? 
NO PROBLEM! WE OFFER Quality * Períormance * Value 
A ful ine c! READERS » PRINTERS • PORTABLES • BAR 
CODE READERS FOR NOTEBOOKS * HEWLETT-PACK- 
ARD SCANNERS * MAGNETIC STRIPE READERS. Our 
readers plug and play wth your existing system without add- 
tional software. CALL ABOUT OUR 30 DAY GUARANTEE • 
TECHNICAL SUPPORT * OEM/VAR DISCOUNTS. 


INTERNATIONAL TECHNOLOGIES & SYSTEMS 
Eastern USA ү 826-1688 804-272-0138 Inti. 
Western USA (800) 228-9487 804-272-0357 Fax 


Inquiry 655. 


PC BAR CODE SPECIALISTS 

Bar code readers designed for last, reliable, cost- 
effective data ii They emulate your keyboard, so 
data looks just like it was typed in! Choose from 
stainless steel wand, laser qun, CCD, and magnetic 
stripe scanners. Also, powerful label printing 
software. Great warranty. Generous reseller 
discounts. 30-DAY MONEY-BACK GUARANTEE. 


Seagull Scientific Systems 
15127 М.Е. 24th, Suite 333, Redmond, WA 98052 
1-800-758-2001 206-451-8966 


DATA INPUT DEVICES 
Bar Code, Magnetic Stripe Readers for microcomputers 
& terminals, including ІВМ PS/2 А others, DEC, 
Macintosh, AT&T, CT, Wyse, Wang. All readers connect 
on the keyboard cable & are transparent to all software. 
UPC & 39 print programs, magnetic ercoders, 8 
portable readers are also available. 


TPS Electronics 


4047 Transport, Palo Alto, CA 94303 
415-856-6833 Applelink: BARCODE 
1-800-526-5920 FAX: 415-856-3843 
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VARIANT MICROSYSTEMS 


BAR CODE READERS DELIVER 
WAND/LASER/MAGNETIC CARD CONNECTIVITY 
* Keyboard wedges (Intemal/Extemal) for IBM PC/XT/AT, 
Р5/2, and portables 
RS232 wedges for WYSE, Link, Kimtron terminals 


48560 Fremont Вамі, Sus 105/ Fremont, CA 94538 / (510! 440-2870 


B00-556-4BAR 


Inquiry 657, 
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FAX: (510) 440-2873 


BBS INCOME 


Free Report on how to go from 
SO to $3,000 per month in BBS 


income in as little as 90 days! 
This valuable report outlines powerful marketing 
secrets to help you - find new subscribers, collect 
top dollar fees, get free publicity, take credit cards, 
plus much more. Limited quantity. 


InfoLink - 1 (619) 228-9653, FAX 1 (619) 369-1185 
56089 29 Palms Hwy. Ste. 254-BY 
Yucca Valley, CA 92284 


Inquiry 658. 
CAD 
ELECTRONICS CAD 


Schematic Capture & PCB CAD 
Analogue Simulation, Digital Simulation, etc. 


Prices from S195. Credit cards welcome. 
For brochure use Inquiry # or contact us at: 


NUMBER ONE SYSTEMS 


Harding Way, ST, IVES, Cambs, UK, PE17 AWA 
Tel: 011-44-480-461778 Fax: 011-44-480-494042 
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САП/САМ 


CONTOURING MOTION CONTROL 


FROM A PRINTER PORT! 
Indexer LPT™ software $249 
NEW VERSION 3 VISAMC 
* Controls up to six step motors smultaneously. 
* Linear and Circular Inierpolation, 
* New features to accommodate machine control. 
s Easy-to-use DOS device driver. Super Manual. 
» CAD-CAM interface available. 
Рев Corporation, 1422 Атохі Ave. 
Ability Systems Roslyn, PA 19001 (215) 657-4328 
FAX: (215) 657-7815 


Inquiry 660. 


CADIG.LS. 


Digital Quad Maps 
Local Street Maps, State Maps, and World 
Maps in DXF, PCX, PICT, PIC or TIF 


Formats. Gigabytes of Map data available. 


Micro Map & CAD™ 
(303) 988-4940 


Inquiry 661. 


CD-RECORDABLE 


Geared to CD-technology 
GEAR, the ultimate CD-Recordabie tool for any CD-Standard 
If you demand a simple, easy tg use solution to create CO's, GEAR 
is everything you need. GEAR supports all major CD-Recorders. 
JVC, Kodak, Philips, Ricoh, Sony and Yamaha. GEAR |5 available on 
005. Windows, Apple Macintosh, Sun Unix and Hewlett Packard 


Unix 

Elektroson 
America, 31 Waterloo Avenue, Berwyn, РА 19312, USA 
tel 1-215-660-9038. fax 1-215-567-9387 
Eurcoe & Asa. ? 0 Bax 2436, 5600 CK E:tifoven, The Metherlands 
tol 31- (0) 40-515065, fax 31-(0) 40-514920, 
E-mail Elektro G sci. kun.nl 
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| |. CDROM | 


ж TOSHIBA :* TEXEL * TEAC + 
ж SCSI INTERFACE: TRANTOR ж 
ж MEDIA VISION я: 


* WIDE SELECTION OF CD-ROM TITLES 
e CD-ROM CADDIES AND ACCESSORIES 


Computers at Large 
Saratoga, CA 
Dedicated to CD-ROM technology. 
Prease CALL Fon Our Price List 


800-642-4194 + 406-255-1081 
Fax 408-255-2388 


VISA & MasierCard accepted 


Inquiry 663. 


OPTI-CDcacbe" 


improve CD-ROM workstatlon performance! 
Only $89! 

OPTIC Drache™ takes advantage of Exiended Memory (CMS) to 
cache CD-ROM data. Retrieve data from a high speed cache 
instead of directly from the CD-ROM drive and significantly 
improve your CD-ROM workstation performance! 

Ask for our free catalog uf exciting CD-ROM products including 
the market-leading OPTINET” CD-ROM networking software! 


ONLINE COMPUTER SYSTEMS, INC. 


А member of the Reed Flacvicr group. 
FlashFAX info Hotline 301-601-2120 
301-428-3700 of FAX us at 301-428-5700. 


Inquiry 664. 


New and Updated CDROM Titles 
Cica MS Windows CDROM, Thsnds of Windows prgrms..$29.95 
Giga Games CDROM, Games for DOS/Windows................$39.95 
Space and Astronomy, ThsadsNASA images/data .............$39.95 
C Users Group Library, C source code $49.95 
Simte! М5005 CDROM, 005 Shareware/Freeware $29.95 
ORZ Ham Radio CDROM, FCC Callsign Db & Shrwar. .....$29.95 
Gits Galore CDROM, Over 6000 GIF [mages....................$39.95 
Hobbes 05/2 CDROM, 05/2 Shareware/Freewate ...........$29.95 
Source Code COROM, 650 Mb source, DOS/Unu ............$39.95 
Gutenberg Project, Literature and 095............................ $39.95 
Linux Operating Sys, 386/486 OS, X11, full $ге.................$49.95 
Libns Britannia, MSDOS TectvSci/Engineer $69.95 
X11R5/Gnu COROM, Full src, SPARC binaries ...................$39.05 
Nebula for NeXTSTEP, Proms tor Intel NeXTSTEP $59.95 
Ada Programming COROM, Compiters, source, docs .........939.95 
Aminet CDROM, Amiga Shareware/Freeware i 
COROM Caddies, Lifetime Guarantee ................................ $4.95 

Top quality COROMs. 100% satisfied or full refund. 


WALNUT CREEK CDROM 
4041 Pike Lane, Ste D-211, Concord, CA 94520 
1-800-786-9907 Visa/MC AMEx, Fax: «1-510-674-0821 
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CELLULAR PHONES _ 


TWO CELLULAR PHONES 
WITH ONLY ONE NUMBER 


Our cellular software will allow you to 
change phone numbers and elec- 
tronic serial numbers on 


MOTOROLA • MITSUBISHI • PANASONIC 
МЕС» RADIO SHACK * NOKIA 


WHY PAY TWO CELLULAR BILLS? 
Put the same number on as many 
phones as you like! 

Only $495! 

We can also sell you a hand held 
cellular phone with your existing 
number for only $395.00! 


Cellular Press 
421 N. Rodeo Dr. #15318, Beverly Hills, CA 90210 
Phone: 310-289-2174 
Fax on Demand: 305-346-7674 


Call from your fax handset and follow the voice 
prompts to receive complete technical specifications 


Inquiry 666. 


COMMUNICATIONS | 


PC VOICE MAIL KIT $1795 

* Voice Processing on your PC * Software and 4 
line board included • Order Taking • AUDIOTEX • 
Voice Messaging * Never miss another call! • 
HUNDREDS OF USES * Don't pay $1,000s 
CALL TODAY FOR Free DETAILS * 2 yr warranty 

Amerifax Services Corp. 

572 W. Market St. #5, Akron, OH 44303 

(216) 253-8787 • (216) 762-6050 Demo 


Inquiry 667. 


| . COMPUTER BOOKS 


ADVANCED COMPUTER BOOKS 
at a discount 


* We specialize in ADVANCED books for devel- 
opers, programmers, computer professionals, 
engineers, and academics 

» Windows, C++, 05/2, UNIX, Mac, ООР, Analy- 
sis/Design, Al, Neural Nets 

* 15% discount on any quantity on most books 

* Computer literate order processing staff 

* Audio/Video training tapes, CD-ROM software 

е MIT Journal subscriptions 

* Special orders, hard-to-find books 

* Latest books from over 100 publishers 

* Free 16-page catalog 

o UPS domestic & international shipping 

e CompuServe? 70007, 1333. GO СВК 

* Nifty-Serve, GO WSN 

“ Internet 70007.1333@compuserve.com 


CompuBooks 800-880-6818 
Route 1, Box 2710 512-321-9652 
Cedar Creek TX 78612 Fax 321-4525 
USA MC/Visa/AmEx/Disc/JCB 


Inquiry 668. 


COMPUTER INSURANCE - 


INSURES YOUR COMPUTER 


SAFEWARE Computerowner's coverage provides 
replacement of hardware, media and purchased 
software. As litle as $49 a year covers accidents, 
theft, power surges and more. One call does it ail. 


1-800-800-1492 


SAFEWARE, The Insurance Agency Inc. 
PO Box 02211, 2929 М. High St., Columbus, OH 42202 
Now available in Ontario!!! 


Inquiry 669. 


CROSS ASSEMBLERS 


PC BASED DEVELOPMENT TOOLS 


We offar low-cost efficient CROSS ASSEM@LERS and а 
superb line of SIMULATOR-DEBUGGERS with tuft built-in 
DISASSEMBLERS for Intel's MCS-48, 51, 85 and 86, and 
for the 280 families of embedded controllers, Our now aim- 
ulators for the 80C196KB and 80C196KC are unique in the 
market, and have been received with rave reviews. The price 
of our software includes unlimited free upgrada privileges! 


Lear Com Company 
2440 Kipling St.. Ste. 206, Lakewood, CO 80215 
(303) 232-2226 FAX (303) 232-8721 
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Cross Assemblers 5 4; 
Simulators Mz ig 
Disassemblers ea, “Sey 


Өө; 
PseudoCorp 
716 Thimble Shoals Blvd. Newport News, VA 23606 
(804) 873-1947 Ғах (804) 873-2154 
ВВ5 (804) 873-4838 
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РАТА RECOVERY | 
Tape & Optical Data Recovery 


Any Tape, Optical, Cartridge of any format whether 
partially overwritten or damaged, Vogon the world 
leaders in Tape & Optical! Data Recovery can recover 


any dala anywhere on the surface. Recoveries from 
1/27, 1/4", DC2000, 4mm, 8mm Exabyte, DEC ТКхх, 
3480, Worm, Magneto Optical etc. 


VOGON International Ltd. 


USA: 405-321-2585 Fax: 405-321-2741 


UK: +44 (0) 734-890042 Fax: +44 (0)734-890040 
Conversion & Duplication Systems & Bureau 


Inquiry 672. 


_ DATA RECOVERY 
Data Recovery & Repair 


“ High Success Rate/Fast Tumaround 
» 24 Hour Service Available 
* Lowest Prices on Disk Drive Repair 
* Clean Room 
We Repair MFM/RLL/SCSI/ESDI/IDE 
AA Computech, Inc. 


28170 Avenue Crocker Stet 105, Valencia, СА 91355 
(800) 360-6801 (805) 257-6801 Fax (805) 257-6805 


Inquiry 673. 


Ontrac 
DATA RECOVERY 


„ Professional service recommended by major hard 
drive manufacturers * Expertise in virtually every 
operating system & media storage device • 24-hour 
support with weekend, pnority, & on-site service 
availabla » For fast, successful results, call: 
MN:1-800-872-2599 « CA: 1-800-752-7557 


UK: ": 9 SPHERE ы БЕТІНЕН: Шуды 98 
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DATA/DISK CONVERSION 


THE #1 CHOICE 
in disk & tape conversion 


for many leading corporations, government agencies, 
law firms, and companies in every indust wide. 


Free test • Satisfaction guaranteed 


Graphics Unlimited Inc. 
3000 Second St. North, Minneapolis, MN 55411 
(612) 588-7571 FAX: (612) 588-8783 
1-800-745-7571 


Inquiry 675. 


CONVERSION SERVICES 
Convert any 9-track magnetic tape to or from 
over 5000 formats including 3#", 54^, 8" disk 
formats & word processors. Disk-to-disk con- 
versions also available. Introducing CD-ROM 
conversions. Call for more info. 

Pivar Computing Services, Inc. 
165 Arlington Hgts. Rd., Dept. &B, Buffalo Grove, IL 60089 
(800) Convert (708) 459-6010 


DISK DUPLICATION | 


FULL SERVICE DISKETTE DUPLICATION 


* All disk formats, 100% virus checked 
* Available in a variety of colors 

* Custom silkscreening 

* Bulk diskettes also available 


Manufacturing diskettes In the U.S. since 1978 


Syncom Technologies, Inc. 
1000 Syncom Drive, Mitchell, SD 57301 


1-800-843-9862 


Inquiry 676. 


"WEEMAIL and Tickles! 


Simple and inexpensive E-Mail 
and personal planning "Tickler" 
• One Price for any size network — $149.00 
» Unique screen handling — 
quicker and easier than even a mouse! 
* Works on any Netbios network 
Call for a FREE sample disk 


W.E. INC. 
Inquiry 677. 


(800) 900-9064 


EDUCATION — | 


B.S. & M.S. їп COMPUTER SCIENCE 
The American Instilute for Computer Sciences offers an In- 
depth home study program to eam your Bachelor of Sclence 
and Master of Science degrees in Computer Science at 
home, B.S. subjects covered are: MS/DOS, BASIC, PASCAL, 
C, File Processing, Data Structures & Operating systems. 
M.S. program includes subjects in Software Engineering and 
Artificial Intelligence. 


AMERICAN INST. for COMPUTER SCIENCES 
2101-BY Magnolia Ave. South, Ste. 200, Birmingham, AL 35205 
800-767-2427 205-323-6191 


FLOPPY DISKETTE . 


3.5” FLOPPY DISK 
RELIABLE & DURABLE 


• We are a manufacturer under the licence 
of Sony corporation. 

* Our disks are all 100% Tested & Certified 
Error Free with guaranteed Clipping Level. 

* Available products: 2HD, 2DD, Clam Shell. 

” Our own brand MEGA and OEM or bulk 
are also available. 

* Duplicator & wholesaler are welcome. 


INMARK IND. LTD. 
(HK) 


1A Man Foong industria! Bldg. 
7 Cheung Lee Street 
Chai Wan, Hong Kong 
Tel: (852) 558-2203 Fax: (852) 897-3700 


YHC CASSETTE IND. LTD. 
(TORONTO) 


75 Saintsbury Square, Scarborough 
Ont. Canada M1V 3K1 
Tel: (415) 321-1179 Fax: (416) 321-8451 
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` FLOW CHARTS | 
FLOW CHARTING 3 
a e 
, * Multi-page charts... 
<> portrait or landscape 
» Import/expord capabilities 


«СТ» • 35 shapes, 10 fonts, 4 line styles 
Call for free demo disk! 


PATTON & PATTON ғос-в25-о082 ext. 1317 


Software Corporation 4 Cochrane Cr, Morpan НА, CA 96007 


Inquiry 679. 


WINDOWS FLOWCHARTER 3129 


RFFlow 2.0 is a а рег! drawing tool for 
flowcharts & org Requires Microsolt Win- 
dows. 100 аһарав auto adjust in size. Diagonal | 
lines and curves, Auto line routing and re-routing. 
Click on a aps to bring ) up a sub-chart. Move 
Hu poe er apps. via the Clipboard. Call for free 


RFF ELECTRONICS 
1053 Banyan Court, Loveland, CO 80538 


Phone: (303) 683-5767 FAX: (303) 669-4889 


HARDWARE 


Pre-Owned Electronics, Inc™ 
THE independent Provider, serving the Dealer, 
Professional, Corporate, Government, and 


Educational Buyer since 1985 | 
APPLE II & MACINTOSH 
SYSTEMS * PARTS е EXCHANGE REPAIRS 


Cail for a catalog... BO0-2 74-5343 


INT'L: 617-275-4600 • FAX: 617-275-4848 
205 BURLINGTON ROAD « BEDFORD, MA 01730 
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HARDWARE 


HEWLETT-PACKARD 
Buy — Sell — Trade 
LaserJet ColorPro 
DeskJet DraftPro 
RuggedWriter DraftMaster 
Electrostatic Plotters DesignJet 
HP 9000 Workstations and Vectras also avaliable. 
Ted Dasher & Associates 
4117 Second Ave., S. Birmingham, AL 35222 
Phone: (205) à -4747 Fax: (205) 591-1108 
833 


Inquiry 681. 


 HARDWARE/COMPUTERS 


NEW! 20MHz 16-bit FORTH Single Board 


Controlter with 8ch 10-bit A/D, 3ch &-bit D/A 
1052020 FORTH CONTROLLER LAND D DATA LOGGER a3 board uses 
Hitachi 16-bit H8/S3 at 3MIPS but runs on only 


30ma. On-board h and ry ber yt need 
for In-circu1 55 d 70 ТН nage ве Attach keyboard, 
lcd, 1 тын деу ир. Кен зі) 3310. 


Program ‘ith (5 Use for X7 control, data- d ег 
tabobcs, remote morstonng, stc. $299 (25s) STARTE 


CALL NOW FOR DETAILS? 


Saelig Company tet: ШЕТ -3753 


Europsan Technology fax: (715) 425-3835 


_HARDWARE/EMBEDDED 


SC/FOX™ EMBEDDED COMPUTERS 


PC Parallel Coprocessor Plug-in Boards: 15 МР5 Ю MIPS burst, 
using he SC32 32-4 CPU or the 16-bt Harris АТХ 


УМЕ Mester Slave System Controller SBC: 18 MPS nq 70 MEPS burs, 
uses ЯТХ 2000 сри, SCS, 2 ser. 1 pir ports, to 640K bytes. 


Stend-Alone Single Board Computers: 18 MIPS r^ mn 
or 1001 100mm Eurocard-size using either 9С3 or 


Кеш for embedded realtime corr dta acquistion, — 
processing. OEM software development system included 


SILICON COMPOSERS INC (415) 961-8778 


American Technology 


Inquiry 682. 
The $25 Network 


Try the 1st truly low-cost LAN 


е Connect 2 or 3 XTs, ATS, 3865, 486s 

* Uses serial ports and null modem cable 
e Runs at 115K baud - approx 8500 bytes/sec 
e Runs in background, totally transparent 
e Share disks and printers, etc. 

• Needs only 15K of RAM 


Little Big LAIN 


The most flexible network 


* Peer to Peer LAN to 250 nodes 
* $75 total software cost, not per node! 
* Link via serial, parallel, or Arcnet 
e Link via Ethernet or Modems soon 
* Mixed mode routing 
e Typically only 35K of RAM 
Skeptical? We make believers! 
Information Modes 
Р.О. Drawer F. Denton, TX 76202 


Tech 817-387-3339 Orders 800-628-7992 
Hours 1-5 Mon/Wed, 9-5 Tue/Thu/Fri CST 


Inquiry 683. 


MEMORY CHIPS 


LÀ * 
64-bit co-processor chip 
ANUCO ie an ultra-high performance mathematical co- 
processor chip (FPU). Up to 6 times ()) faster than 
comparable products. 0.75 Linpack performance at 33 MHz 
clock Toy а 64-bit internal chip architecture. IEEE 754 
single and double precision. For use on motherboards with 
32-bit CPUs, on graphics cards, in printers, photocopiers, 
scanners, cameras, etc. 


SWABIAN 
Unter den Linden 15, D-72762 Reutlingen. Germany 
+49-172-7123777 © Fax: +49-7121-370411 © MCI: 523-2219 


Inquiry 684. 
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NOTEBOOK PERIPHERALS 


Second Serial Ports 
Texas instruments, Toshiba, Everex/Sanyo 


* R5232 •95422/485 * High-speed bulfered UART 
* $189 - $249 * NEW for PCMCIA-RS422/485 
• Custom UO ports for Toshiba 150 pin connector: 
AS232, 422/485, IEEE 488 
Custom design capability. Also Auto/car adapters for 
portable laptops, notebooks, printers. 


Designed and made in USAT! 
Em pire Engineering 


tel 805/543-2816 fax 805/543-2820 
Inquiry 685. 


SCIENTIFIC SOFTWARE 
Scientific & Technical Software 


Free catalog 
Call 1.800.622.3345 


SciTech is your source for the best value in scientific and 
technical software. More than 750 producta. 


1.312.472.0444 2231 N. Clyboum Ave. 
FAX 1.312.472,0472 Chicago, IL 60614 


Inquiry 686. 
| SECURITY 


FIGHT PIRACY! 
ж EVERLOCK 3.0 ж 
SOFTWARE COPY PROTECTION 


New Option Board Safe-New Remote Registration 
New CPU LOCK-CD ROM LOCK and more 


ж EVERKEY HARDWARE LOCKS ж 
Az-Tech Software, Inc. 


Call for a 201 East Franklin, Richmond, MO 64085 


(816) 776-2700 


FREE 
Demo (800) 227-0644 FAX (816) 776-8398 


Inquiry 687. 


THE ULTIMATE SOFTWARE SECURITY 
@STOPCOPY Іатіу - UNCOPIABLE copy protection 
© STOPVIEW software encryption 
€ NETLIMIT network license metenng 
@ DOS, Windows, Macintosh, OS/2, support 
€ No source coda changes required - for ANY of our prod- 
ucts in ANY environment 
© Our products destroy ALL of our competition 
Ө Call tor FREE demo disk, or to discuss our products' 
MANY options 


ВВ! Computer Systems, Inc. 
14105 Heritage Lane, Silver Spring, MD 20906 
BOQ/TRY-ABBI « 800/879-2224 « 301/871-1094 » FAX-301/480-T545 


Inquiry 688. 


Cop's CopyLock Il 


The professional software protection with 
TRUE Machine Install. Option Board safe. 
05/2, Networks, Windows, and CD-ROMs. 


LINK Data Security 
Int'l: + 45 31232350 Fax: + 45 31238448 
New: Access Control by DialCops 


KEY-LOK" SECURITY 
Piracy survival 11 years proves effectiveness 
of powerful multilayered security. Algorithmic 
response. Programmable memo conom- 
ical. Transparent to PARALLEL/S RIAL port, 
Counters/Real-Time-Clock. Multi-product 
feature licensing. DOS/UNIX. Also, access 


control system and diskette drive locks. 


MICROCOMPUTER APPLICATIONS 
3167 E. Otero Circle, Littleton, CO В0122 
(303) 770-1917 FAX: (303) 770-1863 


Inquiry 689. 


| | SERVER MIRRORING | 


NoxStop Networ 
The software solution to provide full 
Level 3 Fault Tolerance for PC LANs. 
* Server Mirrorin 
* Uninterrupted Processing 
* Continuous Backup 
• Any Network Operating System or 
Server environment. 
Nonstop Networks Limited, NY, NY 
212-481-8488, Fax 779-2956 


Inquiry 690. 


SOFTWARE PACKAGING 


FREE SOFTWARE 
PACKAGING CATALOG 


Everything you will need to Package, Distribute, and Ship Your 
1 From manuals and binders to mailers and shippers 


LABELS * LABELS » LABELS 


For your diskettes, plain or custom printed 
Got matrix or laser printer... free samples 


**FREE CATALOG“ 


Hice & Associates 
8586 Monticello Dr., West Chester. OH 45069 


Phone/Fax: 513-777-8586 
Inquiry 691. 


STOCK PACKAGING 


to help you 
market your software 
ask for catalog 93052 
Call 708 390-7744 
or tax 708 390-9886 


PolyQuick Co. 
1243 Rand Road, Des Plaines, IL 60016 


Inquiry 692. 


| SOFTWARE/BUSINESS _ 


DATA ENTRY SOFTWARE 


Full featured, heads-down data entry 
with two-pass verification, edit language, 
operator stats, much more! Designed for 

the РС 


РС, ХТ, АТ ог bony Sal 
PCs from 63 version available 
"FREE 30 day t ria 


Computer Keyes 
21929 Makah Rd., 
Woodway, WA 98020 


Introducing The First and Only 
Interactive SPICE 
Experience Analog and Mixed signal simulation 

like you've never seen betore 
"Just like being at the Bench." 
includes: 
New 155рісе4; Interactive Circuit Simulator 


Real Time Cross Probing hetween 
Schematic editor and Simulator 

Model Libraries, more than 5000 Paris 
For PC, DEC Aipha, Mips, Macintosh 


Full SPICE programs starting at $95. Complete 
systems with schematic entry, IsSricE4, models, 
and waveform graphics only $2595. 
Call or Fax for your Free Demo kit 
P.O, Box 710 San Pedro, Ca 90733-0710 
Tel (310) 833-0710 


FAX (310) 833-9658 IN tusoft 
Inquiry 693. 


SOFTWARE/ENGINEERING 


SpiceAge*4Ww 

Windows Analog Circuit Simulator 
The following and MORE at under $1000: 
“АС, DC, Transient, Fourier, Temperature analysis • Fully 
expandable library * Analog & digital components 


* Transmission lino primitive * Real signal node names 
* Graphical real timo * Group delay « Component sweeping 


Tatum Labs, Inc. 
1287 М. Séo Ridge, Ann Arbor, MI 48108 
313-663-8810 


Inquiry 694. 


SOFTWARE/GRAPHICS 
TIFF, PCX, TARGA, GIF, DIB, ВМР, DCX, EPS. WMF, WPG, PICT, JPEG 
AccuSo Image Format Library 4.0 

(п version) 

“The most comprehensive raster support library on the market” 
Import. export, convert, display, and n Е ima formats! 
Includes several sample programs with so n 
all languages. Format compatibility ie e G4, ТІҒЕ-Ғ, 
multi-page images etc. Rotate, zoom, scale, color retuction, 
sharpen, special-elfects etc. Versions for DOS, Windows, NT, 
Watcom, 05/2, and athers. 


AccuSoft Corporation 
160 E. Main SL, Р.О. Box 1261, Westboro, МА 01581 
(800) 525-3577 (508) 898-2770 ҒАХ (508) 898-9662 


Inquiry 695. 


Windows Graphics Library 
Easy to use library for image manipulation. 
> read/write: BMP, FLC, АЦ. GIF, JPG, PCX, TGA, TIFF 
> effects: brightness, blur, edge detection, flip, rotate, scale, etc. 
> image compression up to 100-1. 
Available as DLL or MS/Borland C library. $199 
Distributors welcome. 
AIM Ine. 
Lj.Sram 8, 41000 Zagreb, Croatia 
Fax/phone: «385 41 611 126 E-mail: CompuServe 73423,3143 


Inquiry 696. 


CAD/CAM/CAE Developers Kits-Windows/DOS 
NEW RELEASE! TG-CAD Professional v.5.0. 


Replaces TG-Professional v.4.0. Includes upgraded 2D & 3D 
geometric development kits, DXF In/Out releasa 12 and 
(NEW) TG-CAD Draw v.1.0. All in C. This four part 
development kit ia truly "Tha Ultimate CAD/CAM/CAE 
Programming Engine.” Comes with or without source code. 
30 day guarantee. Free 30 page technical paper. 


DISK SOFTWARE, Inc. 
109 S. Murphy Rd., Plano, TX USA 75094-9971 
Tel (214) 423-7288 Fax (214) 423-7288 


Inquiry 697. 


SOFTWARE/MODELING 


Announcing GMS 2.0 from Probots, Inc. 
Easiest & most ful em 6 simulation tool avoil. 
* Now with Super Spread Sheet, Super User Interface & Intelligent 
Agent Modeling capabilities! 
“ systems specified by natural mathematical relationships 
= automated design. optimization, ed ling & verification 
* ideal for engineering, business/financial А <сіепшіс app! cations 
* create stand-alone applications and influential presentations 

Full System still only $495, Call for $99 Intro сеп 

ts, Inc. 413-586-8929 


Northampton, MA 0100 800-5іт-Еаѕу 
Inquiry 698. 
SOFTWARE/PHOTOGRAPHY 
The Photographer's DataGuide contains many useful 
tables for the amateur and professional. Sun/moon 
almanacs available for UK, USA, Aus/NZ and Canada 


also CineGuide opbon. The Photographer's DataBase 
is for the storage of shot details and includes label 


printing and an image display option. Reviewed U.K. 
photo mags. From £60 
Douglas Software 


14 North Drive, Littleton, Winchester 
Hampshire, United Kingdom, SO22 6QA 


Tel: (44) 962 880495 Рах: (44) 962 776671 


SOFTWARE/SCIENTIFIC 


ҮТЕХ Scientific Desktop Publishing 

• Scalable Fonts е Font effects • Typeface customization • 

Equations • Tables е Graphics * Foreign languages ” 

Multi-lingual spell & hyphenation • IDE « On-line help « 

Dos, 005-32 and Windows versions • From $199 

“ТЕХ о! Tomorrow" -Notices of AMS, March 1991 
Call now for a FREE DEMO DISK 


MicroPress, Inc. 
68-30 Harrow Street, Forest Hills, NY 11375 
Tel (718) 575-1816 Fax (718) 575-8038 


Inquiry 699. 


SOFTWARE/VOICE/FAX | 


HIGH LEVEL C LIBRARIES 


Multi-Voice and Multi-Fax are complele development! C toolkits to 
access all tha features for most voice and fax processing boards 
FAX 


Mult-Voice for Dialogic, Rhetorex, or Powerline II: $599 
Mutti- Voice for Single Line Watson Board: $99 
Mutti-Fax for CAS (Intel SatisFAXtion): $199 


ITI SOFTWARE 


Fax-On-Demand for information: (514) 835-2216 


UNIX ON CD-ROM 
UNIX Clone for $39.95 


Trans-Ameritech presents LINUX Pius and BSD CD- 
ROM. Latest versions of LINUX and BSD with X- 
windows, TCP/IP development environments. 

ALL SOURCES ARE INCLUDED. 


! REAL UNIX POWER for the PRICE of DOS ! 
ONLY 


Trans-Ameritech E nterprises 


2342A Walsh Ave., Santa Me CA 95051 
408-727-3883 AX 408-727-3882 


Inquiry 703. 


| UTILITIES 


PEN PLOTTER EMULATOR 


FPLOT tums your printer into an HP pen plotter. 
Fast hi-res, no jagged lines. Vary line width, color. 
Screen preview — zoom, pan. Works with most 
CAD programs. Supports most printers. Requires 
DOS 2.1 or higher. 5119-53 S&H. VISA/MC/Chk/MO. 


FPLOT Corporation 
24-16 Steinway St., Suite 605, Astoria, NY 11103 
718-545-3505 


22 STATISTICS 
NCSS 5.x Series — $125 


Easy-to-use menus & spread sheet. Mulliple regression. 

T-tests. ANOVA (up to 10 factors, rop. measures, 

covariance). Forecasting. Factor, clustor, & discriminant 

analysis. Nonparametrica. Cross Tabulation. Graphics: 

histograms, box, scatter, etc. Reads ASCIULotus, Many new 
modules. 


NCSS 


329 North 1000 East, Kaysville, UT 84037 
Phone: 801-546-0445 Fax: 801-546-3907 


Inquiry 700. 
TRANSLATORS 


TRANSLATORS 
A 
FORTRAN IV to C РІЛ (Subset G) to C 
CMS-2M to Ada ASSEMBLY (PAL-11) to C 
METAMORPHOSIS CUSTOM Transiators 
(User-delined) 
Call or write for product brochure to: 


J. H. Shannon Associates, Inc. 
P.O. Box 597, Chapel Hill, NC 27514 


(919) 929-6863 
Inquiry 701. 


YOUR SALES MESSAGE 
about the 
special computer product or service 
that you provide 
belongs in print 


THE BUYER'S MART 


can help you reach 
computer professionals and 


produce valuable inquiries 
for your сотрапу! 


Call 
Margot Swanson 
for more information 


603-924-2656 
Fax: 603-924-2683 


Inquiry 702. 


Inquiry 704. 
J WINDOWS - 
FOREIGN LANGUAGES 


Arabic, Hebrew, Russian, Chinese, Japaneso, 
Indian, S.E. Asian - all the world's languages in 
Windows. Full support for mixing Arabic, Persian, 
Urdu, Hebrew « English. Chinese and Japanese 
pe vertically /horizontally. Easy to use! From 
1 149.95. Call or write the WinLanguage" experts! 


Gamma Productions, Inc. 


Tel 310-394-8622 Fax 310-395-4214 
710 Wilshire Blvd, #609. Santa Monica, CA 90401 


Inquiry 705. 


THE ULTIMATE BBS 
FREE FREE FREE FREE FREE FREE FREE 


Latest Windows and DOS Utils, Pgms, Source 
Code, Lively CHAT, online games, Intemet Access 
and more and all FREE. Call from home or office 
up to 14.4K and download for FREE. (rv8/1) 


217-792-3663 


Customer Service 415-281-4429 


Inquiry 706. 


International 
Marketers: 


Sell your computer products in one of 
the fastest growing markets today! 


Reach 78,000 LATIN AMERICAN 
BYTE READERS 


Now you can advertise in 


1, 2, or all 3 Latin editions of BYTE 
BYTE Mexico 
BYTE Brasil 


BYTE Argentina 
Give Liz at Global Ad-Net 
a call today for more info: 


603-876-4311 


Inquiry 707. 
FEBRUARY 1994 BYTE 2685 


YOUR DIRECT 


ADVERTISER CONTACT INFORMATION 


To order products or request FREE information, call advertisers directly or send 


in the Direct Link Card by mail or fax! Let them know you saw it in BYTE! 


inquiry No. Page Мо, Phone No. 
д 
61-52 ABACUS SOFTWARE 190 800-451-4319 
ext. B2 
* ADAPTEC / ТААМТОЯ 238 800-934-2766 
63-84 ADVANCED LOGIC RESEARCH 191 714-581-6770 
185 AETECH 240 — 619-431-7714 
539 A-FOUR TECH CO LTD 4815 22 4886-2-218-0908'" 
162-183 AGE LOGIC (N.A.) 173 619-455-8600 
66 AITECH INTERNATIONAL 167 000-882-8184 
65 ALADDIN KNOWLEDGE SYSTEMS 75 800223427? 
* AMBRA COMPUTER CORP (МА) 32А-0 800-239-5731 
ы AMBRA COMPUTER CORP (М.А) 33 800-239-573! 
р AMBRA COMPUTER CORP (МА) 44-45 800-239-5740 
221 AMERICAN ADVANTECH 244 800-800-6889 
67-68 AMERICAN MEGATRENDS 183 800-892-6543 
273 AMERICAN POWER CONVERSION 94 с 
59 AMERICAN SMALL BUSINESS CONP 88 918-825-4844 
244 AMREL TECHNOLOGY, INC 245 80088АМНЕ)| 
т ANGOSS SOFTWARE INTL 85 
x ANGOSS SOFTWARE INTL 121 
, ANGOSS SOFTWARE INTL 133 
275 ANGOSS SOFTWARE INTL 175 416-593-5077" 
202 APPRO INTERNATIONAL INC 222 800-927-5454 
172-173 ARISTO GRAPHIC SYSTEMS (EUROPE) 38 +49-40-8500425"" 
172-173 ARISTO GRAPHIC SYSTEMS (U.S.} 39 800-631-7646 
213-214 ARNET СОЯР 225 800-377-5515 
174 ASK ME MULTIMEDIA CENTER 42 612-531-0603 
258 ATRIE TECHNOLOGY INC 247 
177-178 AT&T MULTIMEDIA ӨЛУ SOLU 135 800-448-6727 
71 AT&T - MODEMS 59 B00-372-2447 
ext. 920 
260 AUTOTIME 246 503-452-8577 
§33 AXIS COMMUNICATIONS 261 +4646136130" 
В 
450 BIX 261 800-695-4775 
72-77 BORLAND INTERNATIONAL аы 800-336-6454 
ext 7672 
74 BRITISH AIRWAYS 207 
x BYTE BACK ISSUES (INTL) 173 
Ы BYTE BACK ISSUES (М.Е.) 240NE 4 
s BYTE DECK 188 
ы BYTE READERS’ CHOICE QUEST 184A-D 
ы BYTE SUB MESSAGE 194 
Шш BYTE SUB MESSAGE 4815 24 
ы BYTE SUB SERVICES 164 
C 
209 CAD WAREHOUSE 236 . 800-487-0485 
501 CHERRY MIKROSCHALTER 
GMBH (ІМТІ) 200-201 +49-964-3180 
504-505 COBALT BLUE 4815 18 404-518-1116 
76-77 COLORADO MEMORY SYSTEMS 19 800-451-0897 
78 COMPAQ DESKTOPS (М.А) BS 800-345-1518 
284 COMPAQ SYSTEMS {М А.) 60-61 800-345-1518 
502-503 COMPEX INC (INT) эз 714-630-7302 
* COMPUSERVE 1524-8 800-848-8199 
80 COMPUSERVE 153 800-848-8199 
B1 COMPUTER ASSOCIATES 127 . 800-591-5236 
82 COMPUTER ASSOCIATES 139 800-225-5224 
Dept. 20500 
1В6 COMPUTER DISC WAREHSE 216-217  800-953-4COW 
> COMPUTER PROF 
BOOK SOCIETY (М.А) 200 717-794-2191 
Ф COMPUTER PROF 
BOOK SOCIETY (М.А) 2004-8 
506 COMPUTER QUICK (INTL) 144 415-861-8330 
277 COMPUTER & CONTROLS SOLU 242 8007753525 
542 COMPUTERLANE UNLIMITED (PC) 234 818-884-6544 
“ COPIA INTERNATIONAL LTD 182 708-682-8898 
83 COREL SOFTWARE 48 800-772-6735 
ext. 28 
158 CREATIVE LABS INC 95 9800-998-LABS 
183-184 CRYSTALOGIC, INC 120 615-391-4412 
84-85 CTX INTERNATIONAL INC 55 909-595-6146 
86-87 CURTIS INC 202 612-631-9512 
187-188 CYBEX CORP 224 205-430-4030" 
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Inquiry No. Page No. Phone No. 
507-508 CYBEX CORP (INTL) CIV 205-430-4030" 
545 С.Е.Т.Н.А. 143 «886-2-725-1111"* 

D 
245 DATA VO 247 800-332-8246 
223 DATALUX CORP 245 800-DATALUX 
222 DATALUX CORP 247 800-ПАТАЦУХ 
^ DATAPRO 102-103 — 609-764-0100 
ext. 2777 
91 DATASTORM TECHNOLOGIES 117 314-443-3282 
509 DATATRONICS TECHNOLOGY 4815 20 +896-2-762-0005"" 
88-89 ОСА 109 800-348-3221 
ext. 460D** 
90 DCA 187 6000-358-3221 
ext 63DD"* 
s DELL COMPUTER CORP (М.А) cii 800-626-8260 
* DELL COMPUTER CORP (М.А) civ 800-626-8260 
281 DELPHI INTERNET SERVICES 199 . 617-191-3393 
536 DIALOGIC TELECOM EUROPE 481512 +32-2-7254275" 
259 DIALOGUE TECHNOLOGY 248 4886-2-9317814"* 
530 DIGICOM INC 61 +886-2-917-9099"" 
93 DIGITAL EQUIPMENT CORP 2-3 В00-332-2717 
276 DIGITAL VISION 142 800-346-0090 
189-190 DISTRIBUTED PROCESSING TECH 226 800-322-40РТ 
510-511 DR HUGGLE & PARTNER GMBH 4815 10 «49-241-403117" 
224 DSP DEVELOPMENT CORP 249 800-777-5151 
E 
534-535 ELEX INFORMATION SYS INC 4816 23 415-325-8071 
04-95 ELIASHIM MICROCOMPUTERS 42 %972-4-628613" 
207-208 EMBARC / MOTOROLA 228 В00-ЕМВААСА 
ext. 330 
512-513 EUTRON 4815 8 +39-35-692-229“ 
215 EXXUS BOO-557- 4000 


514-515 


Е 


FAST HARDLOCK (INTL) 


7 +49-89-53980020 


96-97 FAST (MULTIMEDIA) (TELEFAX INTL) 157 «49-89-20506-199" 


96-97 
629 
181-192 
98 


516 
99-100 
252-253 
517 
226-227 


108 
109-110 
228 
229 


FAST (MULTIMEDIA) (U.S.) 157 800-248 FAST 
FIRST INTERNATIONAL COMP 4815 2 +886-2-717-4500"" 
FIRST SOURCE INTL 235 714-588-9866 
FUTURESOFT ENGINEERING 196 713-496-9400 
G 
GATEWAY 2000 B8A-N 800-846-2058 
GATEWAY 2000 89 800-646-2058 
GENERAL TECHNICS 245 800-487-2538 
GENOVATION, INC 246 800-822-4333 
GFK HAMBURG 4815 11 4940-231-797 
GLENCO ENGINEERING 131 B00-562-2543 
GRANITE DIGITAL 245 . 510-471-5442 
GREY MATTER LTD 4815 17 «44-0364-53971'* 
GTEK INC 243 800-282-4835 
Н 
HEWLETT PACKARD 35 800-443-1254 
ext. 785 
HI-LO SYSTEMS 247 510-5623-8850 
HORIZONS TECHNOLOGY 202 619292-8331 
HUMMINGBIRD COMMUNICATIONS 94 906-470-1207" 
| 
ІВМ DIRECT (N.A.) 86A-D 800-426-7731 
ІВМ NETWORKING SYSTEMS (МА) 69 — 800-IBM-CALL 
ext. 583 
IBM PERSONAL SW SYSTEMS 87 800-342-6672 
IBM PERSONAL SW SYSTEMS 15 9800-3IBM-0S2 
IBM WORKSTATIONS 26-27 800-IBM 4FAX"" 
(BM (INTL) 69 
(BM (INTL) 71 
iNTEGRAND RESEARCH 182 209-651-1203 
INTEL CORP 16-17 . 800-538-3373 
INTEL CORP (NA) 16A-B 800-536-3373 
INTERGRAPH 102-103 800-345-4855 
IO TECH 244 216-439-4091 
Ю ТЕСН 248 216-430-4091 


inquiry Мо. Page No. Phone No. 
156-157 ITERATED SYSTEMS 134 = 800-437-2285 
J 
230 J B TECHNOLOGIES 245 600-688-0908 
193 JAMECO ELECTRONICS 227  800-831-4242 
267-268 JANA TECHNOLOGY GROUP, INC 247 B00-363-2083 
- JDR MICRODEVICES 241 800-538-5000 
K 
111 KEA SYSTEMS LTD 96 800-663-8702 
112 KFC (N.A.) 145 800-253-2872 
231 KILA 244 303-444-7737 
113-114 KINGSTON TECHNOLOGY 119 — 714-435-2600 
518 KUO FENG CORP (NTL) 45 «4886-2-754-8488" 
L 
210-211 L A TRADE 220 800-433-3726 
232 LAGUNA DATA SYSTEMS 248 800-938-ТАРЕ 
546 LANSOURCE ABIS 14 «44-223-237758 
519 LIGATLHE LTD 48156 »972-2-513395" 
262 LITECH CORP 248 800-МТЕСН5 
2% LOGICAL CONNECTION 236 800-238-9415 
176 LOGICIELS ET SERVICES DUHEM 104 +33149700455 
M 
544 MAGIC ! MSE 4815 21 «972-3-751-1901** 
547 MANCHESTER 
EQUIPMENT CO (N.E.) 240NE 1 516-435-1199 
179-180 MARX DATENTECHNIK GmbH 116 +49-8403-1555 
116-117 MATHSOFT INC 1340 716-873-0906“ 
118 MATROX ELECTRONIC SYS LTD 160 514-685-0174" 
ы MCGRAW HILL NRI (М.А.) 40A-B 
159 MEDIA VISION (N.A.) т 800-845-5870 
218-219 METACOMP 240 — 619-674-5000 
212 METATEC SYSTEMS 238 A 800-448-2323 
203 MICRO 2000 237 800-864-8008 
543 MICRO DESIGN INTL (INTL) 44 — 407-677-8333 
196-197 MICRO SOLUTIONS COMP PROD 219 800-295-1214 
198-199 MICRO SOLUTIONS COMP PROD 221 800-295-1214 
538 MICRODATA SYSTEM SRI 4815 18 «39 187 988 460 
204-205 MICROINTERNATIONAL, INC 230 800-967-5667 
195 MICROPROSE SOFTWARE 223 В00-879-РІАҮ 
* MICROSOFT CORP 11 
? MICROSTAR LABORATORIES 24 2064532345 
я MICROWAY 132 508-745-4878" 
520 MINOLTA GMBH 48155 +49-511-77000 
524 MINUTEMAN 48159 214-446-7363 
269 MOTOROLA RISC DIVISION 30-31 
N 
119-120 NANAO USA CORP (N.A.) 71 310-325-5202 
233 NATIONAL INSTRUMENTS 249 800-433-3488 
521 NATIONAL INSTRUMENTS 4815 19 — 512-784-0100 
181 NATIONAL PRODUCTIONS INC 182 RD0-BO0-5600 
121 NEC - SYSTEMS 112-114 800-NEC-INFO 
184 NEVADA COMPUTER 239 800-654-7782 
122 NORTON-LAMBERT 49 805-964-8767 
ы NSTL 232 215-941-9600 
123 NSTL (КЕ) 240NE2 215-941-0600 
75 МТ / PC DIGEST 197 800-2579402 
0 
522-523 ODYSSEY TECHNOLOGIES 48812 508-393-5780 
124 OKIDATA 151 800-ОККТЕАМ 
ext. 264 
249 OMEGA POINT, INC 250 . 508-877-1818 
280 OMNICOMP GRAPHICS CORP 234 713-464-2990 
531 ON TIME MARKETING 401824 +4940437472 
182 ON ТОР SYSTEMS 194 8004454-4426 
234 OVERLAND DATA ING 248 800-729-8725 
P 
е PACIFIC DATA PRODUCTS 163 = 619-625-3671 
248 PACIFIC SOFTWORKS 250 ^ 800-541-0508 
125-126 PC POWER А COOLING 51 800-722-6555 


inquiry No. Page No. Phone No. Inquiry No. Pago No. Phone No. inquiry No. Page No. Phone No. 


127 PERSOFT INC 193 800-368-5263 6 246 TRI VALLEY TECHNOLOGY INC 244 510-447-2030 
525 PHAR. LAP SOFTWARE INC 48513 617-861-1510 | уа СЕСІЛТЕН SOFTWARE INC io озар 148149 TRIPP LITE 186 — 3127558741 
55 PHILIPS MONITORS 8-9 +31-40-73-19-83” 256-257 SHAFFSTALL CORP 249 8002483475 8 TYPHOON SOFTWARE (N.E)  240NE3 805-966-7633 
on, yp EM ПАВ 714727390 | 250-251 SIGMA TECH SOFTWARE 243 818-969-6132 
128-129 PINNACLE MICRO 7) 7147273300 |, SILICON GRAPHICS (NTU) Gi Sis ү 
130 PKWARE INC 128 414-354-8699 ex.B23 | 240 VICTORY ENTERPRISES TECH 245 800-727-3475 
131 РОРКІМ SAN & SYSTEMS INC 43 212-571-3434 ° SILICON GRAPHICS (М.А.) Ю6 800-431-4331 241 VIDEX, INC 243 503-758-052! 
532 РОВА СОВР (INTL) 60 +886-28835582" | ex B23 | 450151 VIEWSONIC 63 909-869-7976 
. PRODEA SOFTWARE CORP 211 800PRODEA: | 774 SKICONVALLEY COMPUTER 233 — 415-967-1100 | 169.474 VISIONWARE 90 4153252113 
115 — PROGRAMMER'S PARADISE 36-37 — 800-445-7899 e = алега = E ‚ше 537  VOCALTEC LTD (INTL) 145 +972.3-6064065 
160-161 PROXIMA CORP 159 619-457-5500 | о SOFTARC ш iios eae W 
237 SOFTWARE LINK, THE 249 404-512-0600 
Asc 14 202309745 | 549 WALKER, RICHER А QUINN (INTL) — 164 206-324-0407 
220 QUADRA INTERACTIVE 218 6184319530 | 282 SONY (NA) 164 — 2014768109 | °52 МАТСОМ 5 5198863700 
235 QUALSTAR CORP 248 8188825822 | 141  STATSOFT TP 01654894149 | 49 — WESTUDAST MICRO аю Saree 
132 ООАРТЕВОЕСК OFFICE SYSTEMS 5З 310-392-9851 | 528 SYMANTEC 4887 — 8004531077 | 242  WINTEKCORP 249 — 000-742-6309 
133  QUATECHINC 214 — 800-553-1170 exLAPBO | ° WORDPERFECT CORP 12-13 800-526-2615 
142-143 SYSTAT INC 195 708-864-5670 X 
R T 153-154 ХУТ SOFTWARE INC 189 800-678-7988 
134-135 RAINBOW TECHNOLOGIES 65 800-852-8569 — 238 TALKING TECHNOLOGY INC 243 800-685-1884 
265-266 RCI 243 908-874-4072 14 ТЕКТАОМІХ 67 800-835-6100 Z 
ext. 71 exi. 33J 
527 RECOGNITA (INTL) СШ +36-1-2018925 | 247 TIEPIE ENGINEERING 244 491-5106-704" | 155 ZEOSINTERNATIONAL 102-123 6005545226 
2001 — RECORTEC INC 231 8007297654 | 145 TOSHIBA AMERICA INC 2033 — 800457777; | 743  ZWORLDENGNEERING 248 — 916-757-3737 
136-127 RGB COMPUTER & VIDEO INC 110 — 800-535-7876 | 251 TRANS 2000 244 3109086814 | 154165 ZYXEL USA 119 714-699-0808 
138 ROSE ELECTRONICS 198 800-333-9343 | 146-147 TRAVELING SOFTWARE 213 — 800-472-4735 | ° Correspond directly win company. *' indicates FAX Number 
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PRODUCT CATEGORY INDE X 


For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Card! 


To receive information for an entire product category, circle the category 
number on Your Direct Link Card! 


Category No. 
inquiry No. Page No. 
1 ACCESSORIES/SUPPLIES 
282 SONY (N.A.) 164 
247 TIEPIE ENGINEERING 244 
2 ADD-IN BOARDS 
67-68 AMERICAN MEGATRENDS 183 
277 COMPUTER & CONTROLS SOLUTIONS 242 
86-87 CURTIS INC 202 
530 DIGICOM INC 61 
189-190 DISTRIBUTED PROCESSING TECH 226 
516 GFK HAMBURG 48IS 11 
193 JAMECO ELECTRONICS 227 
118 MATROX ELECTRONIC SYSTEMS LTD 160 
159 MEDIA VISION (М.А) 7 
» PACIFIC DATA PRODUCTS 163 
133 QUATECH INC 214 
238 TALKING TECHNOLOGY INC 243 
3 BAR CODING 
241 VIDEX, INC 243 
4 COMMUNICATIONS/ 
NETWORKING 
533 AXIS COMMUNICATIONS 261 
88-89 DCA 109 
90 ОСА 187 
207-208 EMBARC / MOTOROLA 228 
226-227 СТЕК INC 243 
216-219 METACOMP 240 
265-266 RCI 243 
138 ROSE ELECTRONICS 198 
250-251 SIGMA TECH SOFTWARE 243 
238 TALKING TECHNOLOGY INC 243 
5 COMPUTER SYSTEMS 
63-64 ADVANCED LOGIC RESEARCH 191 
* AMBRA COMPUTER CORP (N.A.) 32A-D,33 
ы AMBRA COMPUTER CORP (М.А.) 44-45 
202 APPRO INTERNATIONAL INC 222 
284 СОМРАО DESKTOPS (М.А) 60-61 
78 СОМРАО SYSTEMS (М.А.) 8-9 
277 COMPUTER & CONTROLS SOLUTIONS 242 
% DELL COMPUTER CORP (N.A.) сш 
* DELL COMPUTER CORP (N.A.) CIV 
93 DIGITAL EQUIPMENT CORP 2-3 
= GATEWAY 2000 88A-N 
d GATEWAY 2000 89 
102 IBM DIRECT (N.A.) 96A-D 
283 ІВМ WORKSTATIONS 26-27 
540 IBM (INTL) 69 
541 IBM (INTL) 71 
107 INTEL CORP 16-17 
109-110 INTERGRAPH 102-103 
231 KILA 244 
547 MANCHESTER EQUIPMENT CO (N.A) 240NE 1 
121 NEC - SYSTEMS 112-114 
۶ NSTL 232 
123 NSTL (М.Е.) 240NE 2 
125-126 PC POWER & COOLING 51 
201 RECORTEC INC 231 
в SILICON GRAPHICS (INT'L) 136 
қ SILICON GRAPHICS (М.А.) 136 
274 SILICON VALLEY COMPUTER 233 
246 TAt VALLEY TECHNOLOGY INC 244 
216 WEST COAST MICRO 250 
155 ZEOS INTERNATIONAL 122-123 
6 DATA ACQUISITION 
221 AMERICAN ADVANTECH 244 
258 BYTE FEBRUARY 1994 


Category No. 
inquiry No. Page No. 
228 IO TECH 244 
а MICROSTAR LABORATORIES 244 
233 NATIONAL INSTRUMENTS 249 
133 QUATECH INC 214 
236 SILICONSOFT, INC 250 
247 TIEPIE ENGINEERING 244 
261 TRANS 2000 244 
7 DISK & OPTICAL DRIVES 
е ADAPTEC / TRANTOR 238 
67-68 AMERICAN MEGATRENDS 183 
86-87 CURTIS INC 202 
254 GENERAL TECHNICS 245 
252-253 GRANITE DIGITAL 245 
230 J B TECHNOLOGIES 245 
543 MICRO DESIGN INTL (INTL) 44 
196-197 MICRO SOLUTIONS COMP PROD 219 
198-199 MICRO SOLUTIONS COMP PROD 221 
г PINNACLE MICRO Б 72А-В 
128-129 PINNACLE MICRO 73 
8 DISKETTES /DUPLICATORS 
240 VICTORY ENTERPRISES TECHNOLOGY 245 
9 FAX BOARDS /MACHINES 
532 PORA CORP (INT'L) 60 
10 GRAPHICS TABLETS/MICE/ 
PEN INPUT 

172-173 ARISTO GRAPHIC SYSTEMS (EUROPE) 39 
172-173 ARISTO GRAPHIC SYSTEMS (U.S.) 39 
276 DIGITAL VISION 142 
11 KEYBOARDS 
501 CHERRY MIKROSCHALTER 

GMBH (INTL) 200-201 
223 DATALUX CORP 245 
12 LAN HARDWARE 
502-503 COMPEX INC (INTL) 33 
187-188 CYBEX CORP 224 
507-508 CYBEX CORP (INTL) CIV 
88-89 DCA 109 
206 LOGICAL CONNECTION 235 
125-126 PC POWER & COOLING 51 
13 LAPTOPS & NOTEBOOKS 
* AMBRA COMPUTER CORP (N.A.) 32A-D,33 
AMBRA COMPUTER CORP (N.A.) 44-45 
244 AMREL TECHNOLOGY, INC 246 
259 DIALOGUE TECHNOLOGY 246 
§29 FIRST INTERNATIONAL COMPUTER 485 2 
225 GENOVATION, ІМС 246 
Е HEWLETT PACKARD 35 
230 J В TECHNOLOGIES 245 
м JDR MICRODEVICES 241 
204-205 MICRO-INTERNATIONAL, INC 230 
145 TOSHIBA AMERICA INC 20-21 
155 ZEOS INTERNATIONAL 122-123 
14 MAIL ORDER 
» AMBRA COMPUTER CORP (N.A.) 32A-D,33 
s AMBRA COMPUTER CORP (М.А.) &4-45 
186 COMPUTER DISCOUNT WAREHOUSE 216-217 
542 COMPUTERLANE UNLIMITED (РС) 234 
534-535 ELEX INFORMATION SYSTEMS ІМС 4815 23 
215 EXXUS 229 
102 ІВМРС DIRECT (М.А) 96A-D 
193 JAMECO ELECTRONICS 227 
204-205 MICRO-INTERNATIONAL. INC 230 
194 NEVADA COMPUTER 239 
75 NSTL/ PC DIGEST 197 


Category Мо. 

inquiry No. Page No. 
115 PROGRAMMER'S PARADISE 36-37 
263-254 SMART-TECH, INC 248 
247 TIEPIE ENGINEERING 244 
15 EMORY / Si A/T ERAS 
260 AUTOTIME 

191-192 FIRST SOURCE INTL n5 
107 INTEL CORP 16-17 
193 JAMECO ELECTRONICS 227 
113-114 KINGSTON TECHNOLOGY 119 
210-211 LA TRADE 220 
206 LOGICAL CONNECTION 235 
269 MOTOROLA RISC DIVISION 30-31 
16 MISCELLANEOUS ae 
106 INTEGRAND RESEARCH 

160-161 PROXIMA CORP i 
216 WEST COAST MICRO 250 
17  MODEMS/MULTIPLEXORS 

258 ATRIE TECHNOLOGY INC 247 
71 АТ&Т - MODEMS 59 
509 DATATRONICS TECHNOLOGY 4815 20 
: JDR MICRODEVICES 241 
216-219 МЕТАСОМР 240 
164-165 ZYXEL USA 111 
18 MONITORS & TERMINALS 
84-85 CTX INTERNATIONAL ING 55 
222 DATALUX CORP 247 
112 KFC (N.A) 145 
518 KUO FENG CORP (INTL) 45 
119-120 NANAO USA CORP (М.А.) 71 
526 PHILIPS MONITORS 9-9 
150-151 VIEWSONIC 63 
19 MULTIMEDIA 

277 COMPUTER & CONTROLS SOLUTIONS 242 
158 CREATIVE LABS INC 95 
96-9? FAST (MULTIMEDIA) 157 
267-268 JANA TECHNOLOGY GROUP, INC 247 
159 MEDIA VISION (N.A) 7 
280 OMNICOMP GRAPHICS CORP 234 
160-161 PROXIMA CORP 159 
А SILICON GRAPHICS (INTL) 135 
» SILICON GRAPHICS (N.A.) 136 
236 SILICONSOFT, INC 250 
263-264 SMART-TECH, INC 248 
537 VOCALTEC LTD (INT'L) 145 
20 # PRINTERS/PLOTTERS 

209 CAD WAREHOUSE 236 
206 LOGICAL CONNECTION 236 
520 MINOLTA GMBH 4815 5 
124 OKIDATA 151 
А PACIFIC DATA PRODUCTS 153 
144 TEKTRONIX 67 
21 PROGRAMMABLE — 
245 DATA VO 

94-95 ELIASHIM MICROCOMPUTERS - 
514-515 FAST HARDLOCK (INTL) 7 
239 Hi-LO SYSTEMS 247 
229 10 TECH 248 
: JDA MICRODEVICES 241 
179-180 MARX DATENTECHNIK GmbH 116 
124 OKIDATA 151 
243 Z-WORLD ENGINEERING 248 
22 SEPA БОҢ/ ЭМИНЕ 
209 CAD WAREHOUSE 

534-535 ELEX INFORMATION SYSTEMS INC қ“ 23 
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YOUR DIRECT LINK 


For FREE product information from individual advertisers, circle the 
corresponding inquiry numbers on Your Direct Link Card! 


To receive information for an entire product category, circle the category  . 
number on Your Direct Link Card! 


Catogory No. 
Inquiry No. Page No. 
94-95 ELIASHIM MICROCOMPUTERS 42 
519 LIGATURE LTD 4815 6 
262 ШТЕСН СОЯР 248 
124 OKIDATA 151 
160-161 PROXIMA CORP 159 
527 RECOGNITA (INTL) cin 
263-2664 SMART-TECH, INC 248 
23 TAPE DRIVES 
67-68 AMERICAN MEGATRENDS 183 
76-77 COLORADO MEMORY SYSTEMS 19 
232 LAGUNA DATA SYSTEMS 248 
196-197 MICRO SOLUTIONS COMP PROD 219 
198-199 MICRO SOLUTIONS COMP PROD 221 
234 OVERLAND DATA INC 248 
235 QUALSTAR CORP 248 
256-257  SHAFFSTALL CORP 249 
24 UPS 
273 AMERICAN POWER CONVERSION 94 
524 MINUTEMAN 4815 9 
125-126 РС POWER А COOLING 51 
148-149 TRIPP LITE 186 
25 BUSINESS 
276-279 HORIZONS TECHNOLOGY 203 
E PRODEA SOFTWARE CORP 211 
26 CAD/CAM 
69 AMERICAN SMALL BUSINESS COMP B8 
172-173 ARISTO GRAPHIC SYSTEMS (EUROPE) 39 
172-173 ARISTO GRAPHIC SYSTEMS (U.S.) 39 
109-110 INTERGRAPH 102-103 
538 MICRODATA SYSTEM SRI 4815 18 
280 OMNICOMP GRAPHICS CORP 234 
242 WINTEK CORP 249 
27 COMMUNICATIONS/ 
NETWORKING 
162-163 AGE LOGIC (NA) 173 
213-214 ARNET CORP 225 
91 DATASTORM TECHNOLOGIES 117 
88-89 DCA 109 
90 DCA 187 
98 FUTURESOFT ENGINEERING 196 
548 LANSOURCE 4815 14 
218-219 METACOMP 240 
122 NORTON-LAMBERT 29 
522-523 ODYSSEY TECHNOLOGIES 481$ 12 
127 PERSOFT INC 193 
166 SOFTARC 118 
237 SOFTWARE LINK, THE 249 
146-147 TRAVELING SOFTWARE 213 
169-171  VISIONWARE 90 
549 WALKER, RICHER & QUINN {INTL} 164 
28 DATA ACQUISITION 
233 NATIONAL INSTRUMENTS 249 
521 NATIONAL INSTRUMENTS 4815 19 
29 DATABASE 
B1 COMPUTER ASSOCIATES 127 
82 COMPUTER ASSOCIATES 139 
510-511 DR HUGGLE А PARTNER GMBH 4815 10 
278-279 HORIZONS TECHNOLOGY 203 
544 MAGIC / MSE 4815 21 
182 ON TOP SYSTEMS 194 
ы WORDPERFECT CORP 12-13 


Category Мо. 
Inquiry No. Page No. 
30 EDUCATIONAL 
61-62 ABACUS SOFTWARE 190 
185 AETECH 240 
4 MCGRAW HILL NRI (N.A.) 40A-B 
31 ENGINEERING /SCIENTIFIC 
510-511 DRHUGGLE А PARTNER GMBH 4815 10 
224 OSP DEVELOPMENT CORP 249 
278-279 HORIZONS TECHNOLOGY 203 
109-110 INTERGRAPH 102-103 
156-157 ITERATED SYSTEMS 134 
116-117 MATHSOFT INC 140 
32 ENTERTAINMENT 
212 METATEC SYSTEMS 238 
195 MICROPROSE SOFTWARE 223 
220 QUADRA INTERACTIVE 218 
33 GRAPHICS 
66 AITECH INTERNATIONAL 167 
172-173 ARISTO GRAPHIC SYSTEMS (EUROPE) 39 
172-173 ARISTO GRAPHIC SYSTEMS (U.S.} 39 
177-178 AT&T MULTIMEDIA S/W SOLUT 135 
83 COREL SOFTWARE 46 
119-120 NANAO USA CORP (N.A.) 71 
136-137 RGB COMPUTER & VIDEO INC 110 
35 MAIL ORDER 
186 COMPUTER DISCOUNT WAREHOUSE 216-217 
506 COMPUTER QUICK (INT'L) 144 
517 GREY MATTER LTO 4815 17 
36 MATHEMATICAL/STATISTICAL 
141 STATSOFT 79 
142-143  SYSTAT INC 195 
37 MISCELLANEOUS SOFTWARE 
531 ON TIME MARKETING 4815 24 
548 TYPHOON SOFTWARE (N.E.) 240NE 3 
38 ON-LINE SERVICES 
450 BIX 261 
, COMPUSERVE 152A-B 
BO COMPUSERVE 153 
281 DELPHI INTERNET SERVICES 199 
39 OPERATING SYSTEMS 
104 IBM PERSONAL S/W SYSTEMS 15 
132 QUARTERDECK OFFICE SYSTEMS 53 
40 PROGRAMMING LANGUAGES/ 
TOOLS 
185 AETECH 240 
ы ANGOSS SOFTWARE INTL 85 
* ANGOSS SOFTWARE INTL 121 
. ANGOSS SOFTWARE INTL 133 
275 ANGOSS SOFTWARE INTL 175 
72-73 BORLAND INTL CH-1 
504-505 COBALT BLUE 4815 18 
" COPIA INTERNATIONAL LTO 182 
183-184 — CRYSTALOGIC, INC 120 
510-511 DR HUGGLE & PARTNER GMBH 4815 10 
103 ІВМ NETWORKING SYSTEMS (N.A.) 69 
105 IBM PERSONAL S/W SYSTEMS 87 
544 MAGIC / MSE 4815 21 
4 MICROWAY 132 
531 ON TIME MARKETING 4815 24 
525 PHAR LAP SOFTWARE INC 4815 13 
131 POPKIN S/W & SYSTEMS ІМС 43 
115 PROGRAMMER'S PARADISE 36-37 


Category No. 
inquiry No. Page No. 
139 SEQUITER SOFTWARE INC 170 
528 SYMANTEC 4815 7 
548 TYPHOON SOFTWARE (N.E.) 240NE 3 
152 WATCOM 25 
153-154 ХУТ SOFTWARE INC 189 
41 SECURITY 
65 ALADDIN KNOWLEDGE SYSTEMS 75 
501 CHERRY MIKROSCHALTER 

GMBH (INTL) 200-201 
94-95 ELIASHIM MICROCOMPUTERS 42 
512-513 EUTRON 4815 8 
514-515 FAST HARDLOCK (INTL) 7 
99-100 GLENCO ENGINEERING 131 
179-180 MARX DATENTECHNIK GmbH 116 
134-135 RAINBOW TECHNOLOGIES 65 
140 SOFTWARE SECURITY 124 
45 UNIX 
ы COPIA INTERNATIONAL LTD 182 
101 HUMMINGBIRD COMMUNICATIONS B4 
522-523 ODYSSEY TECHNOLOGIES 4815 12 
169-171 VISIONWARE 90 
46 UTILITIES 
183-184 CRYSTALOGIC, INC 120 
176 LOGICIELS ET SERVICES DUHEM 184 
203 MICRO 2000 237 
249 OMEGA POINT, INC 250 
130 PKWARE INC 128 
47 WINDOWS 
61-62 ABACUS SOFTWARE 190 
539 A-FOUR TECH CO LTD 4815 22 
174 ASK ME MULTIMEDIA CENTER 42 
177-178 AT&T MULTIMEDIA S/W SOLU 135 
Я COPIA INTERNATIONAL LTD 182 
91 DATASTORM TECHNOLOGIES 117 
90 DCA 187 
101 HUMMINGBIRD COMMUNICATIONS 84 
111 KEA SYSTEMS LTD 96 
195 MICROPROSE SOFTWARE 223 
» MICROSOFT CORP 11 
119-120 NANAO USA CORP (М.А.) 71 
182 ON TOP SYSTEMS 194 
248 PACIFIC SOFTWORKS 250 
127 PERSOFT INC 193 
220 QUADRA INTERACTIVE 218 
236 SILICONSOFT, INC 250 
548 TYPHOON SOFTWARE (N.E.) 240NE 3 
48 WORD PROCESSING/DTP 
519 LIGATURE LTD 4815 6 
49 BOOKS /PUBLICATIONS 
61-62 ABACUS SOFTWARE 190 
e COMPUTER PROF BOOK SOCIETY (N.A) 200 
51 MISCELLANEOUS 
74 BRITISH AIRWAYS 207 
в BYTE BACK ISSUES (ІМТІ) 173 
* BYTE BACK ISSUES (N.E.) 240NE 4 
il BYTE READERS’ CHOICE SURVEY 184A-D 
- BYTE SUB MESSAGE 194 
8 BYTE SUB MESSAGE 4815 24 
545 C.E.T.R.A. 143 
s DATAPRO 102-103 
536 DIALOGIC TELECOM EUROPE 4815 12 
181 NATIONAL PRODUCTIONS INC 182 
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For more information on any of the companies covered in articles, columns, or news stories 


in this issue, circle the appropriate inquiry number on Your Direct Link Card. Each page number 
refers to the first page of the article or section in which the company name appears. IS pages 
appear only in the International edition. 


inquiry No. Page No. 
A 

1346, Actix Systems 146 

1347, 1348 


1349 Advanced Integration Research 146 

1080 Advanced 129, 181 
Logic Research 

1450 Advanced Micro Peripherals 4015-3 


1302 AGE Logic 208 
1309 Air Communications 204 
1350 Alaris 146 
1077, Aldus 47, 137, 208 
1305 
1295 AliMicro 208 
1283 Alisys 208 
1286 Altura Software 208 
1081 Ambra Computer 129 
1153 American Business Concepts 185 
1351, American Megatrends 146 
1406 

America Online 22 
1468 Andersen Consulting 4015-15 
1277 AniCom 208 
1313 Apexx Technology 204 
1352, Appian Technology 146 
1382 

Apple Computer 22, 41, 47, 

76, 125 

1306 Arabesque 208 
1438 Arcom Control Systems 4015-3 

Artisoft 22 
1275 askSam Systems 208 

Asymeltrix 22 
1148, ATI Technologies 146, 185 
1353, 1383, 1407 
1441 Aydin Controls 4015-3 

B 
1282 Barberry Hill Sottware 208 

and Engineering 

1457 Basic 4015-15 
1332 Belkin Components 204 
1146 Binar Graphics 185 

Blossom Software 56 
1354, Boca Research 146 
1384, 1385 

Borland Intemational 76 
1281 Borys 208 
1156 Bureau of Electronic Publishing 185 

с 
1355, Cardinal Technologies 146 
1356, 1386 
1087 Century Software 104 
1421 Chaplet Systems 4015-3 
1475 Cherwell 4015-15 

Scientific Publishing 

Chips & Technologies 129 
1428 СІС Computers 4015-3 
1308 Claris 208 
1325 CMD Technology 204 


1387 Colorgraphic Communications 146 


1388, Compaq Computer 146, 177 
1408, 1409 

CompuServe 22, 56 
1449, Computers 4015-3, 4015-15 
1452 Unlimited 

Computer Technology 22 
1285 Compuware 208 
1301 Concord Communications 208 

Conductus 22 
1293 Corel 208 

Cray Research 22 
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1330 Creative Computer Accessories 204 


1304 Crunch Software 208 
1451 CIC 4015-15 
D 
1436 Datapath 4015-3 
1085 Datastorm Technologies 104 
1329 Dauphin Technology 204 
DEC 22, 76, 81, 177 
1075 Delrina Technology 22, 141 
1086 deltaComm Development 104 
1296 DeltaPoint 208 
1357, Diamond Computer Systems 146 
1358, 1359 
1083 Digital Communications 104 
Associates 
E 
| 1360, Eisa 146 
1410 
1456 Elektroson 4015-15 
1472 European Software 4015-15 
Publishing 
F 
1320 Fargo Electronics 204 
Fast Electronic 22 
1361, Focus Information Systems 146 
1362, 1363 
1458 Formula 4015-15 
1088 Freesoit 
G 
1082 Gateway 2000 129 
General Magic 22 
1429 Genius LAN 4015-3 
1319, Genoa Systems 146, 204 
1364, 1365 
1467 Guiidsoft 4015-15 
H 
1473 HebreWare 4015-15 
1460 Helsinki School of 4015-15 
Economics 
1366, Hercules Computer 146 
1367, Technology 
1389 
Hewlett-Packard 81, 125 
HSC Software 22 
1455 HumanWare 4015-15 
1290 HyperGlot Software 208 
i 
IBM 22, 47, 56, 129, 177, 181 
Image Smith 22 
1443 IME 401S-3 
1278 Inner Media 208 
1444 Inpace 4015-3 
Intel 76, 81, 129, 177 
1318 InteliMedia 204 
Intergraph 76 
1276 Ipswitch 208 
1078 Ithaca Software 125 
J 
1425 Jaguar Communications 4015-3 
K 
1333 Key Innovations 204 
1298 Klos Technologies 208 
1431 Klughammer 4015-3 
L 
LaserMaster 22 


inquiry No. Page No. 
Lewis Research Center 22 
1314 Lexmark Intemational 204 
Lotus Development 22 
1462 Lotus Development 4015-15 
Russia 
M 
1448 Mannesmann Tally 4015-3 
Maris Multimedia 41 
1299 Mark Williams 208 
Mathematica 22 
1368, Matox Electronic Systems 146 
1369 
Matsushita 22 
Maxtor 22 
1370 Media Vision 146 
1469 M-Group 4015-15 
1322 Microdyne 204 
1280 Micro Mechanic 208 
1151 MicroProse 185 
1152 Microsoft 56, 76, 181, 185 
Mips Technologies 81 
Mitsumi 129 
1465 M.L Electro-Optics 4015-15 
1328 Motorola 22, 47, 56, 76, 204 
1323 Mountain Network Solutions 204 
N 
1463 National Instruments 4015-15 
NCR 177 
NEC Technologies 22 
1279 NetManage 208 
1326 New Media Graphics 204 
1430 NMB Marketing 4015-3 
1317 NovaCorp 204 
Novell 56, 76 
Now Software 56 
1371, Nth Graphics 145 
1390 
1076 Nuko Information Systems 141 
1391 Number Nine Computer 146 
Numerical Algonthms Group 81 
0 
1422 Océ Printing Systems 4015-3 
1291 Online Computer Systems 208 
1372, Orchid Technology 146 
1373, 1392 
P 
Pacific-Sierra Research 81 
1303 Pacific Software Publishing 208 
1324 Panamax 204 
1374, Paradise / Westem Digital 146 
1393, 1394 
1321 Parallex 204 
PC Company 22 
Philips 22 
1395, Pixelworks 146 
1396, 1397 
1271 Planning Sciences 208 
1466 Pole Position Services 4015-15 
1327 Procom Technology 204 
1079 Prodea Software 115 
Pure Software 81 
а 
QMS 22 
Quorum Software Systems 81 
R 
1412, Radius 146 
1413 


Inquiry No. Page No. 
1292 Raosott 208 
1398, Raster Ops 146 
1414 
1454 Richmond Systems 4015-15 
5 
1149 S&S International 185 
1288 Saber Software 208 
1307 Second Nature Software 208 
1433, Seikosha 4015-3 
1440 
1447 Sham Electronics 4015-3 
1375, Sigma Designs 146 
1399 
Silicon Graphics 81 
1376, SixGraph Computing 146 
1400 
1300 Soft Кіопе 208 
1272 SoftSolutions 208 
1287 Software AG 208 
1084 Software Ventures 104 
Solflower Computer 22 
Sony 22 
1377, STB Systems 146 
1378, 1379, 1401, 1402 
1459 Straco 4015-15 
Stylus Innovation 22 
Sun Microsystems 76, 81 
Superconductor Technologies 22 
1105, SuperMac Technology 146 
1380, 1403, 1411, 1415, 1416, 
1417, 1418, 1419, 1420 
1155 Symantec 56, 76, 185 
1294 Synergy Solutions 208 
1337 Sytron 208 
T 
1311 Tektronix 204 
Texas Instruments 22 
TLK Computer 22 
Toshiba 56 
Toushstone Softwrae 56 
1297 Тгап<ой 208 
1077 Trio Information Systems 141 
1154 Типіе Beach Systems 185 
U 
1316 Unicore Software 204 
1338 Uniplex Enterprise Systems 208 
V 
Vertisolt Systems 56 
1284 View Software 208 
1381, Volante 146 
1404, 1405 
1312 V-One 204 
1273 Vream 208 
VRex 22 
W 
Watcom international 76, 81 
1331 Wearnes Technology 204 
Westem Digital 22, 129 
1445 Workstation Source 4015-3 
1150 World Library 185 
1315 Worthington Data Solutions 204 
X 
Xerox 41, 47 
1289 Xerox Imaging Systems 208 
Z 
Zedcor 47 


Bin: Your Coach 
to the Internet! 


Give ВІХ а try with our new 5 for Free Offer! Join BIX 


today and get 5 hours of evening and weekend access for free! 
Take the rest of the calendar month to explore BIX, and then 
continue for our standard $13 monthly membership fee. 
pp Further details and complete rate information are 
provided during registration. Using any communications 
program, dial 1-800-695-4882. At the "logon" prompt enter bix. 
Then at the "name?" prompt enter bix.byte39. If you have any 
questions, call us at 1-800-695-4775 (voice). Or fax us at 617-491-6642. 
Send internet mail to info@bix.com. Windows users can order BlXnav, our graphical 


Mrs trj 


Ж 
Ag. 


interface for BIX, for easy point and click access. Details are available during registration. 


Batata PIED: - 


Under the 5 lor Рево plan, dayume rates ($8hr.) apply for access during prime time hours. The 5 for Free offer is valid for first-time members only. 


Circle 450 on Inquiry Card. 


The Internet connects you with 
more than 10 million people , at 
universities, companies, and other 
online services. Now, get full access 
to the Internet free of charge when 
you subscribe to BIX! You'll also 
get expert assistance from BIX 
moderators who can help you find 
your way around the Internet. 


These experts can guide you through 
the many services and features 
available, and help you find the 
information you're looking for. 
Anytime you need help, just join our 
special 'internet' conference and get 
fast answers to your questions. 


As you become more familiar with the 
Internet, you'll be able to download 
files from all over the world using FTP, 
connect to other sites and services 
through telnet, read and reply to 
Usenet Newsgroups, access utilities 
like finger and whois, and much more! 
BIX and the Internet together provide 
the largest and most effective technical 


resource for computing professionals. 


And with over 600 local access 
numbers in the U.S., plus telnet access 
via the Internet, BIX makes it easy to 
connect. Try BIX today through our 
special 5 for Free offer - and become 
part of the top technical team! 


! 


If vou can hack it 


(боттепїагү Steve Evangelou 
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A program concept whose time 


has unfortunately come 


or the computer industry, the /-word (lay- 
off ) is the crazy aunt down in the base- 
ment—there's no way to get rid of her, 
and you know she's going to pop her 
bead up sooner or later. Sure, a company can scare off 
some people by freezing salaries and canceling the Friday 
beer bust. Or they can try early-retirement incentives, 
and risk losing their best employees. But sooner or later, 
it always seems to get back to the /-word. 

In an industry that offers 17 different desktop orga- 
nizers, you'd expect someone to be working on new ар- 
proaches to this problem, and you'd be right. One soft- 
ware company has instituted an Employee Departure 
Bonus Program. Instead of paying a bonus for getting a 
friend to join the firm, the EDBP offers a sliding scale of 
payments for each employee hounded into leaving the 
company. Demoralizing a vice president of marketing 
into jumping ship earns a $1000 reward, which is a lot 
cheaper than a golden parachute. In fact, the EDBP has 
been so successful there is hardly anyone left to depart. 

Even more promising are a bunch of new layoff pro- 
grams that are filling an ever-expanding market niche. 
Layoff software is any program used to minimize per- 
sonnel costs or otherwise smooth the process of laying off 
employees. These programs won't make layoffs go away, 
but they can make them a lot easier to deal with. Consider 
the following marketing literature for Layoff Pro, coming 
soon from Belly Up Software of Novato, California. 


Customer Profile: Layoff Pro is aimed at the following 
group: employees. 

Multiple résumé formats: Layoff Pro has more than 20 
editable résumé formats, each designed to be both eye- 
catching and impressive, giving new luster to the same old 
job experience. Popular formats include: 

Senior Software Engineer: Regardless of where it is 
printed, your résumé will look like it came from a dot- 
matrix printer. It includes Acronimm Generator (AC) 
and Random Mispeller (RM ) (we're using both on this 
-dcoument) for genuine techie feel. 

Technical Writer. Your capabilities are explained in 
words and phrases so simple even a user could under- 
stand them. Correct grammar, spelling, and punctuation 
guaranteed. 

Project Manager: Using the special thesaurus with 
only positive adjectives, you can turn fermination into 
career adjustment opportunity with the touch of a key! 
Jargon Expander algorithm makes you sound like an ex- 
pert without knowing anything. 

Job prospect database: Updated quarterly to remove any 
companies that have had recent layoffs of their own. 
Cover-letter generator: Uses our patented auto-brag tech- 
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Layoff Software 


nology, which enables you to claim sole responsibility for 
any project you were even remotely involved with. 
Letters of reference: Choose from Bill Gates, John Scul- 
ley, Scott McNealy, Hillary Clinton, and other heavy- 
weights. Includes imitation letterhead. 

Layoff etiquette: Layoff Pro includes an on-line guide to 
correct office behavior under the stress of layoffs, either 
real or impending. Topics include: spotting the next lay- 
off, exit interview do’s and don’ts, investment opportu- 
nities for severance pay, and inexpensive disguises for the 
unemployment office. 

Quick erase: This feature lets you quickly and perma- 
nently erase any embarrassing personal letters or game 
software from your hard disk or any disk accessible 
through a network connection. (Not to be used for im- 
portant company data.) 


Belly Up Software plans to release the following re- 
lated products in the near future: 


Layoff Pro Il: This release will address additional market 
segments, including doctors, lawyers, Indian chiefs, rich 
men, poor men, beggars, and thieves. 

Expense Slasher: This utility randomly deletes items from 
your current home budget; works with most popular 
spreadsheets and finance programs. 

Let's Make a Deal: Set up like the familiar TV game show, 
this program dispenses helpful negotiating tips for deal- 
ing with banks, utility companies, car dealerships, and col- 
lection agencies. 

Best Offer: An on-line guide to running a successful garage 
sale. 

Bankruptcy Pro: Everything you need to know about fil- 
ing for Chapter 11. 


Layoff Pro is not vaporware—my boss left a beta copy 
in my in-box the other day. My only question is, am I 
supposed to review it, or is this his idea of a subtle hint? 
Let's see now, how does that spotting-the-next-layoff 
feature work? 8 


Steve Evangelou works for himself as a freelance writer in Oakland, 
California. You can contact him on BIX c/o "editors." 
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Pentium™ performance doesnt have 
to mean premium price. As the Dell 
Dimension XPS P60 clearly proves. 

Powered by а 60MHz Pentium chip 
with 8MB of RAM, a 256KB external 
cache, and a 450MB hard drive, the 
Dell Dimension XPS P60 is built for 
raw speed and performance. 

The Pentium processor inside the 
Dell XPS P60 delivers nearly twice the 
performance of an Intel 486° And unlike 
lesser machines that are trying to jump 
on the Pentium bandwagon with 
yesterday’ tired, old 
architecture, the XPS 
P60 features a PCI bus 
that delivers every ounce 
of the processing power 
of the Pentium chip. But 


pentium 


acte 


DELL DIMENSION™ XPS P60 


$2,999 


Business Lease": $111/MO. 


Pentium power is just the beginning of a 
long list of innovative features found on 
the Dell XPS P60. 

There’ a double-spin, multi-session 
Photo CD drive that transfers data at 
300K B/sec vs. the 153.6KB/sec transfer 
speed of single-spin CD ROM drives. 

Our PCI #9GXE video card creates 
a virtual screen that effectively doubles 
the viewing area on the Dell XPS P605 
UltraScan"" 14C monitor, provides 
three levels of magnification, and gives 
you on-the-fly resolution switching. 

Of course, the XPS P60 comes fully 
loaded with DOS, Windows™ a 3.5 
inch disk drive and a mouse. 

To make your XPS P60 sound even 
better, add our Multimedia Upgrade Kit 
($199) with its 16-bit Sound Blaster 


audio card and Dells exclusive Peavey? 
200 speakers. 

The Dell Dimension XPS P60. Pure 
power. Pure speed. Pure Dell. The 
company that ranked highest in the 
J.D. Power and Associates 1993 
Customer Satisfaction Study of Desktop 
Personal Computers among business 
users . 

Call today. Because now you know 
what price Pentium. 


реал. 


ТО ОКГЕК, САП, 


800-433-8093 


HOURS: MON-FRI 7AM-9PM CT SAT IOAM-6PM CT SUN T2PM-5PM CT 


IN CANADA? CALL 800-648-3021. PLEASE REFERENCE #1 1EB4 
Order Code #5000294 


"993 J,D. Power and Associates Desktop Personal Computer Satisfaction Study conducted among 1,956 user respondents. "Source: Intel Technology Bref, Pentium Processor. 


Upgrade to ^ 
virtual screen 
technology by ЕНДЫ 

adding our optional IMB 

VRAM and ІМВ DRAM 


upgrade. It’s like having two 
monitors іп one. 


a. = 


Our multi-session, double- 
spin, CD ROM drives come 
with a special edition of Aldus 
PhotoStyler and are Kodak 
Photo CD compatible. 


HIT THE TOP OF THE PC 
HITTING THE BOTTOM OI 


30 


Millions of WINMAARKS * * 


15 


VGA CARD 


© 


By adding the #9СХЕ card, 
the new Dell Dimension XPS 
WINMARK performance 

is up to 1.6 times faster than 
standard VGA. 


193397 7 
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DELL DIMENSION XPS 466V 


(Other systems featured are not pictured.) 


This is the very top of the power curve. Each and every 
Dell Dimension XPS system on this page features accelerated 
local bus video. The XPS P60 systems are Pentium processor 
based, and every other i486 based system can be upgraded to 
Pentium Overdrive™ for more power and performance. 

Built for raw speed and power, the Dell Dimension XPS 
РС» specs read like a power user's wish list 


of technological desktop PC innovations. 


Take the CD ROM drive as an example. Its double-spin 
technology delivers nearly twice che data transfer rate of single- 
spin drives (300KB per second as opposed to 153.6KB per second). 
Its multi-session, which means its Photo CD compatible and 
you can have your CD disk printed on up to four different 
occasions. Even its motorized loading tray is state-of-the-art. 

Video on the XPS systems is supplied by a #9GXE video 
card that delivers 26 million WINMARKS;* provides three 


11993 J.D. Power and Associaies Desktop Persanal Cumputer Sansfacticn Study conducted among 1,956 user respondents. “Prices valid in the U.S. only. Some products and promotions nc 
and Microsoft are registered trademarks and Window's is a trademark af Microsoft Corporation. Peavey is a registered trademark of Peavey Eleerronics Corp. "*WINMARKS test results obtaime: 


WER CURVE WITHOUT 


F YOUR BANK ACCOUNT. 


PICTURED SYSTEM 


DELL DIMENSION XPS 466У i486 DX2 66МН: SYSTEM 


$3,397 


Business Lease: $125/Mo. 


+ I6MB RAM * 64MB Мах RAM 
• 256KB External Cache 
* 450MB Hard Drive 


* Multi-session, Double-spin CD ROM 
Drive 


* Upgradeuble to Pentium Overdrive 
* 7 Expansiun Slots Total 
(4 ISA, 1 VL/ISA Available) 
e VL #9GXE Video Accelerator Card 
with Video Control Panel Software 


* 3MB КАМ (2MB УКАМ, 1MB 
DRAM) 


* VSI5 Monitor (15", 1024 x 768, 
.28mm, NI) 


* 3.5" 1.44MB Diskette Drive 

* SpaceSaver Keyboard 

* Sound Blaster 16 Sound Card 

* Peavey Speakers “ Microphone 

• MS-DOS" 6.0/Microsoft? Windows 
3.1 {Mouse 

“ Sound Effects Library 

“ Special Edition Aldus Photo Styler 


Order Code #5000241 


DELL DIMENSION 4255У i486 SX 25MH: SYSTEM 
51,399 


Business Lease: $52/Mo. 


* 4MB RAM ° 64MB Max RAM 
* 270MB Hard Drive 
* Upgradeable to Pentium Overdrive 


* 5 [SA Expansion Slots Total 
(3 ISA, 2 VL/ISA Available) 


* Accelerated Local Bus Video 


* VS14 Monitor (147, 1024 x 768, 
.28mm, NI) 

а 3.5°1.44MB Diskette Drive 

“ MS-DOS 6.0/Microsoft Windows 3.1/ 
Mouse 


Order Code 45000237 


DELL DIMENSION DIRECTOR 433SV i486 SX 33MHz SYSTEM 
51,999 


Business Lease: $74/Mo. 


* 4MB RAM * 64MB Мах RAM 
•370МВ Hard Drive 
* Multi-session, Double-spin 
CD ROM Drive 
* Upgradeable to Pentium Overdrive 


* 5 Expansion Slots Total 
(2 ISA, 2 VL/ISA Available) 


* Accelerated Local Bus Video 


• SYGA 10241 Monitor 
(14", 1024 x 768, .28mm) 


« 3,5" 1.44MB Diskette Drive 

* Sound Blaster 16 Sound Card 

* Peavey Speakers 

a MS-DOS 6.0/Microsoft Windows 3.1/ 
Mouse 


* Microsoft Office, Microsoft 
Bookshelf, Quicken, Microsoft Home 
Sampler, Windows CBT 


Order Code #5000238 


DELL DIMENSION XPS 466V i486 DX2 66MHz SYSTEM 
52,099 


Business Lease: $100/Mo. 


* SMB RAM * 64MB Max RAM 

* 528MB Hard Drive 

* 256KB External Cacbe 

* Upgradeahle to Pentium Overdrive 


* 7 Expansion Slots Total 
(5 ISA, 1 VL/ISA Available) 


e VL #9GXE Video Accelerator Curd 


e IMB Video RAM 


a VS15 Monitor (157, 1024 x 768, 
.28mm, МІ) 


• 3,5" 1.44MB Diskette Drive 


• MS-DOS 6.0/Microsoft Windows 3.1/ 
Mouse 


DELL DIMENSION XPS 466V i486 DX2 66МН: SYSTEM 
52,999 


Business Lease: $111/Mo. 


* 16МВААМ * 64MB Max RAM * YSIS Monitor (15", 1024 x 768, 

* 256KB External Cache 28mm, NI) 

* 450MB Hard Drive • 3.5" 1.44MB Diskette Drive 

* Upgradeable ro Pentium Overdrive * Multi-session, Double-spin CD ROM 


. Drive 
* 7 Expansion Slots Total 
(4 ISA, 1 VL/ISA Available) * MS-DOS 6.0/Microsoft Windows 3.1/ 


• VL ФОХЕ Video Accelerator Card Mouse 
with Video Control Panel Software 


* IMB Video RAM Order Code #5000240 


DELL DIMENSION XPS P60 PENTIUM 60MH: SYSTEM 
$2,999 
Business Lease: $111/Mo. 


e SMB RAM ° 128MB Мах RAM * IMB Video RAM 
* 256KB External Cache • YS14 Monitor (14", 1024 x 768, 


* 450MB Hard Drive 28mm,NI) | 
* Multi-session, Double-spin CD ROM ° 3.3" L44MB Diskette Drive 

Drive ғ MS-DOS 6.0/Microsoft Windows 3.1/ 
* 7 Expansiun Slots Total (3 ISA, 1 Mouse 


PC], 1 PCIASA Available) 


ә PCI 496XE Video Accelerator Card 


with Video Control Panel Software Order Code #5000242 


DELL DIMENSION XPS P60 PENTIUM 60MHZ SYSTEM 
53,599 


Business Lease: $130/Mo. 


* [6MBRAM * 128MB Max RAM * 1MB Video RAM 
* 256KB External Cache • V$15 Monitor (15", 1024 x 768, 
« 528MB Hard Drive 28mm, NI) 
* Multi-session, Double-spin CD ROM * 3.5" L44MB Diskette Drive 
Drive e MS-DOS 6.0/Microsoft Windows 3.1/ 


• 7 Expansion Slots Toral (3 ISA, 1 Mouse 
PCI, 1 PCI/ISA Available) 


e PCI #9GXE Video Accelerator Card 


with Video Control Panel Sofrware Order Code 85000243 


DELL DIMENSION XPS P60 PENTIUM 60MH: SYSTEM 
54,699 


Business Lease: $169/Mo. 


* 16МВ RAM * 128MB Max RAM * IMB Video RAM 

• 256KB External Cache • У517 Monitor (17", 1024 x 768, 

* 1GB SCSI Hard Drive 28mm, NI) 

* Multi-session, Double-spin CD ROM * 3.5" L44MB Diskette Drive 
Drive * SpaceSaver Keyboard 

* 7 Expansion Slots Total (2 ISA, * MS-DOS 6.0/Microsoft Windows 3.1/ 
1 PCI, 1 PCI/ISA Available) Mouse 

• PC] #9GXE Video Accelerator Card 


with Video Control Panel Software Order Code 45000239 with Video Control Panel Software Order Code 85000244 
levels of magnification and gives you on-the-fly resolution switching. 

And when you buy, you have the security of knowing your | > 
purchase is backed Бу the computer company that ranks highest in DOLL 
customer satisfaction according to J.D. Power and Associates 1993 
Desktop Personal Computer Customer Satisfaction Study among TO ORDER, CALL 


business users! 


900-422-6099 


HOURS: MON-FRI 7AM-9PM CT SAT IDAM-6PM CT SUN І2РМ-5РМ CT 
ІМ CANADA? CALL 800-668-3021. PLEASE REFERENCE 411EAY 


So if you want to hit the top of the power curve without hitting 


the bottom of your bank account, call Dell. 


available in Canada. * Business leasing arranged by Leasing Group, Inc. The Intel Inside and Pentium logos are registered trademarks and i486, Pentium and Overdrive are trademarks of Intel Corporation. MS-DOS 
by running WINBENCH version 3.1 at 1024x2048, 256 colors. Dell disclums proprietary interest in the marks and names of others. © 1994 Dell Computer Corporation. All rights reserved. 
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“The Dell OptiPlex MXV is the closest thing we've “Is there a clear winner? You bet. Five systems made 
seen to a personal computer without compromises." the cut, Dell changed the game. We want one." 
— PC Magazine, December 1993 -РС Computing, October 1993 
DELL OPTIPLEX 466/MXV i486 DX2 DELL DIMENSION XPS 466V i486 DX2 
66MH: BUSINESS SYSTEM 66MHz MULTIMEDIA SYSTEM 
New Low Price: $3,678 $3,397 
Business Lease: $132/MO. Business Lease: $125/MO. 

е I6MB RAM • Modular OptiFrame"" Chassis * 16MB RAM e Sound Blaster 16 Sound Card 
* 450MB (17ms) Hand Drive * Dell Instant-Touch Embedded 9 450MB (17ms) Hard Drive * And More... 
e 15” UltraScan Monitor Diagnostics e 15" UltraScan Monitor Order Code #5000306, 
* Local Bus Video with 2MB * And More... е Double-Speed CD ROM 

Video RAM Order Code #5000305 қ 


PC Computing chose the Dell Dimension XPS. 
And in the 1993 J.D. Power and Associates’ study 
of 1,956 business users in the U.S., Dell was 
ranked “Highest in Customer Satisfaction 
Among Desktop Personal Computer Users.” 
Ahead of every computer company in the 


When you buy computers, do you have time 
to navigate the maze of vendors, systems, 
configurations, prices, manuals, service options, 
есс., etc, etc.? 

Fortunately for you, there are people who 
compare computers for a living. Fortunately 


for us, they’ve singled Dell out as the best. study! 
For business-critical applications, PC TO ORDER, CALL So the next time you're ready to buy 
Magazine editors chose 800-433 -8094 some computers, do yourself a big favor. 
Dell? OptiPlex™ ^, monsHi7AnnQPAACT SAT WAMAPMMCT sumas c: САП Dell. Because life's a whole lot 


For Multimedia, ІМ САМАРА" CALL 800-568-3021 IN MEXICO CiTY* 228.7811 #1 TEAX easier when you go with a winner. 


11993 J.D. Power and Associates Desktop Personal Computer Surisfaction Study. Study conducted among busmess users in the U.S. and based on 1,956 изет respondents. 


